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EXECUTIVE SUMMARY

The Lake and River Enhancement Program (LARE) of the Indiana Department of Natural
Resources (IDNR) is considering funding a land treatment project in Vigo County, IN. The land
to be treated is located in the Cox Ditch watershed. Cox Ditch is a small tributary to a high
quality stream named Otter Creek. The intent of the LARE project is to improve the water
quality and biological integrity of Otter Creek. Lake Hart Research (LHR) was contracted to
setup a biological monitoring program to measure the LARE project's performance. Specifically,
LHR was contracted to:

1. review existing sources of information that are pertinent to the water quality and biological
integrity of the Otter Creek watershed;

2. establish a biological monitoring and habitat assessment pretreatment (baseline) data set from
which the success of the proposed LARE project can be evaluated;

3. evaluate the LARE project’s potential for success (from the standpoint of biological
improvement) and make recommendations for project improvements; and

4. suggest alternative projects.

The first objective, “review existing sources of information...”, was accomplished by
reveiwing historical fisheries data, IDEM fish tissue and IDEM sediment chemistry data, and
noting incidental observations of fish and freshwater mussels during macroinvertebrate sampling
(biological monitoring). This background information yeilded information indicating that Otter
Creek contains a diverse fish community and several species of mussels. Sediments and fish
appear to be free of serious chemical contamination. However, a number of pesticides were
detected at low levels in fish tissue samples in both 1984 and 1991. The contamination is far
below concentrations that are considered harmful to health.

The second objective, “establish a biological monitoring pretreatment (baseline) data
set...”, was accomplished using biological monitoring of the aquatic macroinvertebrate
community, habitat assessment, and land use analysis. Determination of pretreatment conditions
was made dificult by the adverse effects of powerline right-of-way maintenance. Several large
sections of riparian vegetation were removed for this maintenance. Fortunately, IDEM sampled
macroinvertebrates in 1991 prior to the maintenance. By combining the IDEM and LHR data
sets, it was possible to determine pretreatment conditions as well as measure the impact of the
powerline maintenance to several river miles of Otter Creek.

The third objective, “evaluate its potential for success (from the standpoint of biological
improvement) and make recommendations for project improvements”, was accomplished by
examining the damage potential of sites within the Otter Creek watershed. This technique
indicates sites within the Cox Ditch watershed have little potential to seriously damage the Otter
Creek watershed’s water quality.
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The final objective, “suggest alternative projects”, is contained in the report
recommendations. Recommendations are organized by level of public commitment. These
recommendations range from abandoning the LARE project to minimizing the impacts of
powerline maintenance and purchasing development rights in riparian zones.

During the course of this research several water quality problems were identified within
the Otter Creek watershed: The identified problems were:

riparian vegetation removal associated with powerline right-of-way maintenance;
encroachment of non-forested land uses into the riparian zones;

channelization for drainage improvement purposes; and

low-level pesticide contamination of fishes.

= b

All of the identified problems could be mitigated by maintaining a 50 - 100 m wide riparian zone
of woody vegetation.

Otter Creek is quite unique in that it is a stream that appears to have good water quality,
contains a high quality fish and mussel fauna, and is in close proximity to people (Terre Haute,
IN). These three characteristics would seem to present an excellent opportunity to protect water
quality and biodiversity in a setting where people could reap the aesthetic and recreational
benefits this high quality stream has to offer.
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Cox Ditch and Otter Creek
Macroinvertebrate Biomonitoring Results
(1991-94)

by

Stephen P. Wente

1. INTRODUCTION

The Lake and River Enhancement Program (LARE) of the Indiana Department of Natural
Resources (IDNR) is considering funding a project to implement various erosion control
practices within the Cox Ditch drainage area of Otter Creek watershed. The LARE project’s
purpose is to improve the water quality and biological integrity (defined below) of the Otter
Creek watershed. The author was contracted to initiate a biological monitoring program to
measure changes in water quality in the Otter Creek watershed attributable to the LARE project.
This paper reports the results of the monitoring effort to establish pretreatment conditions,
reviews historical information related to the water quality of the Otter Creek watershed, performs
a candid appraisal of the proposed LARE project’s potential for success, and suggests additional
or alternative projects.

Biological integrity is defined as “the ability to support and maintain a balanced,
integrated, adaptive community with a biological diversity, composition, and functional
organization comparable to those of natural aquatic ecosystems in the region” (Frey 1977; Karr
and Dudley 1981). Biological integrity should be thought of as a continuous variable (various
shades of gray) rather than a discrete variable (black or white, legal or illegal). Different portions
of the Otter Creek watershed exhibit various degrees of biological integrity. The desired
condition is that all portions of the watershed should exhibit a high degree of biological integrity.
This is different from a purely preservationist perspective in which a totally natural condition is
sought. An endpoint based upon biological integrity, allows anthropogenic alterations of the
environment. However, biological integrity is highest when the impacts of those alterations are
minimized. Since the LARE project is designed to minimize the impact of some anthropogenic
alterations, its effectiveness should be measurable by its effects on Otter Creek’s biological
integrity.

The LARE program is designed to provide economic assistance to soil and water
conservation districts (SWCDs) for the purposes of enhancing the water quality and biological
integrity of lakes as well as flowing water systems (rivers, streams, and creeks). Recently, the
LARE program has become concerned with monitoring the effectiveness of the various



treatments used in its projects. The LARE program is not a large program in terms of either
personnel or financial resources. This monitoring should help to ensure the program’s limited
resources are spent wisely and efficiently. The information provided by this monitoring project
and other’s like it will allow resources to be targeted to effective treatments.

For consistency purposes, macroinvertebrates were chosen by LARE personnel as the
biological community to be sampled across all LARE monitoring projects. An advantage of
macroinvertebrates is that they have short life cycles, and therefore, may respond to treatment
effects more quickly than longer lived organisms such as fish.

1.1 Objectives

The goal of this research is to measure the water quality and biological integrity in the
vicinity of Cox Ditch and provide insights into the problems afflicting this watershed and
potential solutions. In order to obtain this goal, the following objectives were defined:

1. review existing sources of information that are pertinent to the water quality and biological
integrity of the Otter Creek watershed;

2. establish a biological monitoring and habitat assessment pretreatment (baseline) data set from
which the success of the proposed LARE project can be evaluated;

3. evaluate the LARE project’s potential for success (from the standpoint of biological
improvement) and make recommendations for project improvements; and

4. suggest alternate projects.

1.2 Site Description

The Otter Creek watershed is located in portions of Vigo, Parke, and Clay Counties in
Indiana (figure 1.2-1). Otter Creek flows westward to the Wabash River. It is fed by three major
tributaries -- North Branch, Sulfur Creek, and Gundy Ditch. The majority of the Otter Creek
watershed is characterized by moderate topographic relief and natural (unchannelized) drainage-
ways. The land usage of this watershed is diverse with a relatively high proportion of forested
area.
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Figure 1.2-1. Map of Otter Creek watershed showing drainage-ways in relation to relevant

landmarks. (Interpretation of this admittedly cluttered map may be facilitated by
referring to the cover artwork.)

The Cox Ditch of interest to this research is referred to as Cox No 2 Ditch on the USGS’s
Rosedale quadrangle topographic map (USGS 1962). It is located in north-central/eastern Vigo
county and drains southwesterly to join with Swope Ditch to form Gundy Ditch. Gundy Ditch
drains farther south to Otter Creek. North and east of these ditches, Cox No 1 Ditch drains
northward into Parke County, past the east-side of Rosedale, IN, into Big Raccoon Creek. The
area between Big Raccoon and Otter Creeks in the Cox Ditches' vicinity is characterized by little
topographic relief and artificial (channelized) drainage-ways. This area is a remnant of the
Montclair glacial river valley (Wayne 1956). Its soils are extremely sandy and land usage is
predominantly agricultural. For the remainder of this report, Cox No 2 Ditch will simply be
referred to as Cox Ditch. Cox No 1 Ditch, which is outside the region of interest, will not be
referred to again.
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1.3 Philosophical Issues

Monitoring the LARE project poses some philosophical questions:

1. What is the resource of value that the LARE project is attempting to enhance or protect?
2. Where do monitoring responses have to be significant in order to evaluate the effectiveness
of the LARE project?

The resource of value could be considered to be Cox Ditch. However, Cox Ditch for
much of its stream length is dry for large portions of the year. Certainly, there is little to be
gained by enhancing Cox Ditch’s water quality and biological integrity. A dry streambed after a
land treatment project will not support fish and/or aquatic insects with any more success than it
did before the project.

Cox Ditch’s aesthetic, recreational, and wildlife benefits and values are negligible as well.
It is a channelized ditch with, at most, only a narrow band of vegetation along its banks. For
large stretches of the ditch's length, there is no permanent woody vegetation, only a border of
grass between the ditch and farm fields.

Similarly, Gundy Ditch, which is formed from the junction of Cox and Swope Ditches, is
probably not a good choice as a resource of value. Although Gundy Ditch probably spends less
of the year as a dry streambed, it also lacks habitat for aquatic organisms. It has a stream
substrate composed primarily of sand. The trees along its banks are young and small. Without
rocks or fallen branches and trees, the stream has little habitat for aquatic organisms. Certainly,
its macroinvertebrate community would be difficult to sample consistently. If the
macroinvertebrates cannot be sampled consistently, it would be impossible to determine the
effects of the LARE project.

Otter Creek, which receives the flow of Gundy Ditch, is an excellent aquatic resource.
This stream flows year-round, generally has excellent habitat, and supports a rich fauna of fish,
freshwater mussel, and aquatic macroinvertebrates. The only problem with using Otter Creek
macroinvertebrates to measure the effectiveness of the proposed LARE project is that Otter
Creek is so far downstream from the LARE project area. With the project area and the resource
of value separated by large distances, it may be difficult to measure a significant treatment
response in the Otter Creek macroinvertebrate community. However, the goal of the LARE
project is to enhance water quality. If the project is capable of enhancing water quality only in
regions of the stream that are typically dry or lack suitable habitat for aquatic organisms, then the
project cannot be successful and should be discontinued.

It is important the assessment strategy not be a search for significant results to justify the

expenditure of funds on a particular project. Instead the assessment design should realistically
evaluate the ability of a project to achieve its goal.
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2. BACKGROUND INFORMATION

The first objective is to review existing information that is pertinent to the water quality
and biological integrity of the Otter Creek watershed. In order to accomplish this objective
historical fisheries data was reviewed, IDEM fish tissue and sediment chemistry data were
evaluated, and the author’s field notes on incidental observations of fish and freshwater mussels
in this watershed are discussed.

Historical fisheries data was reviewed for two reasons. First, this data can provide
information relevant to judging fish community’s biological integrity, and therefore, water
quality. Secondly, some people judge the value of a stream by the fishery it contains. While it is
true recreational fishing produces benefits that may indicate a portion of the stream's value to
society. This is not the only benefit and therefore, not the sole measure of a stream’s value. In
reality, streams produce many benefits (including many benefits that are difficult to measure
econometrically). However, if a stream does have a diverse and healthy fish community
consisting of both game and non-game species, this indicates the stream has some value, and
therefore, potentially merits the expenditure of public funds for protection and preservation.

Fish tissue chemistry results are reviewed for two reasons. First chemical contamination
of the fish in a waterbody is a good indication that water quality or other environmental problems
are present. Organisms, in general, can concentrate organic contaminants to very high levels.
The ability of these organisms to concentrate chemicals is unfortunate in many environmental
respects. However from an environmental monitoring standpoint, this ability can be used to
detect environmental problems at concentrations lower than could be detected in other media
(sediment, water, etc.). The second reason has been mentioned previously. The value of a
stream for recreation potential is partially dependent on its fishery’s value. If the fish are inedible
due to chemical contamination, some of the stream’s value is diminished. However as
mentioned previously, many values are provided by streams. It is unfortunate so many people
consider a stream’s value to be a direct function of its edible biomass alone.

Sediment chemistry results are reviewed for three reasons. Similar to fish tissue,
sediment chemistry analyses may indicate water quality problems. The second reason is
financial. Contaminated sediment can be incredibly expensive to clean up. If a watershed
contains contaminated sediments that are causing water quality problems, the solution to the
problem is likely to be much more expensive than the LARE program can afford. If
contaminated sediments are the major water quality problem, public moneys would be unwisely
spent remediating lessor problems in a watershed that will continue to experience major water
quality problems. The final reason concerns human health. Contaminated sediments can be a
health hazard. If contaminated sediments are present, it would not be wise to expose people who
will be working on the LARE project or future recreationists to these sediments.
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Incidental observations of fish, while not as valuable as data obtained from standardized
sampling procedures, can provide some indication of the biological integrity of this important
aquatic community. Incidental observations follow a continuum from observations of highly
diverse and healthy communities to easily identified fish kills. While standardized sampling
procedures and analysis methods will help distinguish slight differences on this continuum,
incidental observations will at least, distinguish between profound differences.

Incidental mussel observations can crudely indicate biological integrity the same way
incidental fish observations can. However there is one exception to this generality, many aquatic
biologists consider the presence of most large native mussel species to be indicators of good
water quality conditions. Fish will occur over a wide range of water quality conditions. Mussels,
on the other hand, are considered more sensitive and will often be extirpated from poor water
quality sites that many species of fish can continue to inhabit. Another reason to be interested in
this stream’s mussel diversity is that many species of freshwater mussel are swiftly becoming
extinct. If endangered mussel species occur here, the expenditure of public funds for watershed
protection and enhancement will have greater justification

The following map (figure 2-1)
will help identify sample sites in this
chapter. Almost all of the background
information has been collected from a very
small portion of Otter Creek. Some
sample sites were described only as
“upstream of Anaconda”. This refers to an
industry that IDEM was monitoring.
Today this facility is named “Alcan”.
These upstream samples probably came
from the business 41 vicinity on Otter
Creek.
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Figure 2-1. Map of Otter Creek between the Old
Mill Dam and mouth.

2.1 Methods

2.1.1 Historical Fisheries Data

A literature search was performed and regional fisheries authorities interviewed in order
to locate historical fisheries data. Gerking (1945) did not sample the Otter Creek watershed
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during his statewide fish survey. Dr. Thomas Simon, the current State Ichthyologist, has not
sampled in this watershed and was unaware of any fish surveys in this watershed except for a
study by Dr. Whitaker (1976) of Indiana State University. Additionally, no IDNR fisheries
reports were located. Whitaker’s (1976) species list is reported with minor taxonomic
modifications to reflect current taxonomic nomenclature.

2.1.2 Fish Tissue Chemistry

IDEM’s fish tissue toxic chemistry database was searched for Otter Creek watershed data.
Sample sites are listed in table 2.1.2-1. IDEM’s sampling methods are detailed in the standard
operating procedures manual of the BSS (IDEM 1993). Two samples, one upstream and one
downstream of an industry located approximately 1/2 mile upstream of CR 24 West (CR 24 West
is site M1 in figure 3.1.1-1), were collected in 1984. The 1984 downstream sample was probably
collected in the CR 24 West vicinity. In 1991, three more samples (all at CR 24 West) were
collected. One of the 1991 samples (20300985) was subdivided to create a laboratory duplicate
sample (20301006). This laboratory duplicate was analyzed for metals only. The 1984 samples
were analyzed by the Indiana State Department of Health’s (ISDH) Food and Dairy Laboratory.
The 1991 samples were analyzed by HLA, a private contract laboratory in Hazleton, WI.

Table 2.1.2-1. IDEM fish tissue chemistry sample sites by location and date.

Sample
Location Date Identifier Species Sample Type
Otter Creek

Upstream Anaconda 8/24/84 049-84 Golden redhorse Whole fish (07)
Moxostoma erythurum (Rafinesque)

Downstream Anaconda 8/2/84  050-84 Spotted sucker Whole Fish (o)
Minytrema melanops (Rafinesque)

CR 24 West 8/27/91 20300984  Black redhorse . Skin-on fillets,
Moxostoma duquesni (Lesuer) scaleless (0)

CR 24 West 8/27/91 20300985  Spotted bass Whole fish (o)
Micropterus punctulatus (Rafinésque)

CR 24 West 8/27/91 20300986  Rockbass Whole fish (0)
Ambloplytes rupestris (Rafinesque)

CR 24 West 8/27/91 20301006 Spotted bass ‘Whole fish (1d)
Micropterus punctulatus (Rafinesque) -

"0 = original and 1d = laboratory duplicate.
* The laboratory duplicate, 20301006, was run for metals only (i.e., no pesticide and PCB results).

2.1.3 Sediment Chemistry

IDEM’s sediment toxic chemistry database was searched for Otter Creek watershed data.
Sample sites are listed in table 6.1-1. IDEM’s sampling methods are detailed in the standard
operating procedures manual of the Biological Studies Section (IDEM 1993). Two samples, one
upstream and one downstream of an industry located approximately 1/2 mile upstream of CR 24
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West (CR 24 West is site M1 in figure 2.1.1-1), were collected in 1984. The 1984 downstream
sample was probably collected in the CR 24 West vicinity. In 1992, two more samples (both at
CR 24 West) were collected. The 1992 samples are field duplicates of each other.

Table 2.1.3-1. IDEM sediment chemistry sample sites by location.

Location Date Sample Identifier Sample Type
Otter Creek
Upstream Anaconda 7124/84 D1827-84 Sediment Composite ©")
Downstream Anaconda 7/124/84 D1828-84 Sediment Composite (0)
CR 24 West 6/29/92 20700412 Sediment Composite (0)
CR 24 West 6/29/92 20700422 Sediment Composite (fd)

*0 = original sample and fd = field duplicate.

Sediment sample analyses are compared to background estimates from Wente (1994).
These estimates are derived from the same data set -- IDEM’s sediment toxic chemistry database.
These background estimates consider widespread low level contamination to be a part of
background. In other words, these background estimates do not represent “pristine” conditions.

2.1.4 Incidental Observations of Fish

Several fish were captured incidentally during macroinvertebrate sampling. As the
substrate upstream of the kicknet was disturbed during macroinvertebrate sampling, many of the
fish that occupied the substrate were captured along with the macroinvertebrates. Fish were
identified by Brant Fisher (now an aquatic non-game biologist for IDNR) and the author on site
and returned to the stream. Additional incidental observations of fish during macroinvertebrate
sampling are also reported.

2.1.5 Incidental Observations of Freshwater Mussels

Evidence that several species of freshwater mussel are currently, or have recently,
inhabited the Otter Creek watershed was observed. All observations. were incidental (i.e., no
formalized sampling procedure was followed). However, these observations are reported since
the presence and diversity of this organism group is generally considered to indicate good water
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2.2 Results

2.2.1 Historical Fisheries Data

In Whitaker’s study, 57 species of fish representing 10 families were collected from a
single Otter Creek site (table 2.2.1-1). This site was repeatedly sampled over a twelve year
period in order to obtain a final tally of 57. Whitaker’s site, below the Old Mill Dam, is the same
site as the M3 macroinvertebrate sample site (figure 3.1.1-1). It is located just upstream of the
confluence of Gundy Ditch with Otter Creek.

Table 2.2.1-1. Fish collected from the Old Mill Dam site on Otter Creek (Whitaker 1976).

Scientific Name" C Name

Petromyzontidae
Icthyomyzon unicuspis Hubbs and Trautman
Cluepidae
Dorosoma cepedianum (Lesueur)
Esocidae
Esox americanus Gmelin
Cyprinidae
Campostoma anomalum (Rafinesque)
Cyprinus carpio Linnaeus
Ericymba buccata (Cope)
Hybognathus nuchalis Agassiz
Hybopsis storeriana (Kirkland)
Nocomis (Hybopsis) micropogon (Cope)
Notemigonus chrysoleucas (Mitchill)
Notropis atherinoides Rafinesque
Notropis blennius (Girard)
Notropis boops Gilbert
Notropis chrysocephalus (Rafinesque)
Notropis rubellus (Agassiz)
Notropis spilopterus (Cope)
Notropis stramineus (Cope)
Notropis umbratilis (Girard)
Notropis volucellus (Cope)
Phenacobius mirabilis (Girard)
Phoxinus (Chrosomus) erythrogaster (Rafinesque)
Pimephales notatus (Rafinesque)
Semotilus atromaculatus (Mitchill)
Catostomidae
Carpiodes carpio (Rafinesque)
Carpiodes cyprinus (Lesueur)
Catostomus commersoni (Lacepede)
Erimyzon oblongus (Mitchill)
Hypentelium nigracans (Lesueur)
Ictiobus cyprinellus (Valenciennes)
Ictiobus niger (Rafinesque)
Minytrema melanops (Rafinesque)
Moxostoma duguesnei (Lesueur)

Silver lamprey
Gizzard shad
Grass pickerel

Stoneroller

Carp

Silverjaw minnow
Central silvery minnow
Silver chub

River chub

Golden shiner
Emerald shiner

River shiner

Bigeye shiner

Striped shiner
Roseyface shiner
Spotfin shiner

Sand shiner

Redfin shiner

Mimic shiner
Suckermouth minnow
Southern redbelly dace
Bluntnose minnow
Creek chub

River carpsucker
Quillback

‘White sucker
Creek chubsucker
Northern hogsucker
Bigmouth buffalo
Black buffalo
Spotted sucker
Black redhorse



Moxostoma erythurum (Rafinesque)
Moxostoma valenciennesi Jordan
Ictaluridae
Ictalurus melas (Rafinesque)
Noturus miurus Jordan
Fundulidae
Fundulus notatus (Rafinesque)
Atherinidae
Labidesthes sicculus (Cope)
Centrarchidae
Ambloplytes rupestris (Rafinesque)
Lepomis cyanellus Rafinesque
Lepomis gulosus (Cuvier)
Lepomis humilis (Girard)
Lepomis macrochirus Rafinesque
Lepomis megalotis (Rafinesque)
Lepomis microlophus (Giinther)
Micropterus dolomieui Lacepede
Micropterus punctulatus (Rafinesque)
Micropterus salmoides (Lacepede)
Pomoxis annularis Rafinesque
Pomoxis nigromaculata (Lesueur)
Percidae
Etheostoma blennioides Rafinesque
Etheostoma caeruleum Storer
Etheostoma flabellare Rafinesque
Etheostoma nigrum Rafinesque
Etheostoma spectabile (Agassiz)
Percina caprodes (Rafinesque)
Percina maculata (Girard)

Golden redhorse
Greater redhorse

Black bullhead
Brindled madtom

Blackstripe topminnow
Brook silverside

Rock bass

Green sunfish
‘Warmouth
Orangespotted sunfish
Bluegill

Longear sunfish
Redear sunfish
Smallmouth bass
Spotted bass
Largemouth bass
‘White crappie
Black crappie

Greenside darter
Rainbow darter
Fantail darter
Johnny darter
Orangethroat darter
Logperch
Blackside darter

" Scientific names follow Lee et al (1980 ~ et seq.). Names in parenthesis within scientific names are the genera

names used by Whitaker (1976).

2.2.2 Fish Tissue Chemistry

A complete listing of chemical analysis results appears in appendix C. Abbreviated lists
of the most interesting results are presented in tables 2.2.2-1 and 2.2.2-2. The abbreviated list
contains results for all samples for each analyte detected in at least one sample. The “% lipids”
entry at the bottom of table 2.2.2-2 indicates the lipid content of the samples. Many organic
compounds accumulate in tissue samples in proportion to the tissue’s lipid content.
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Table 2.2.2-1. IDEM heavy metal fish tissue chemistry results from 1984 (shaded) and

1991.
IDEM Sediment Chemistry Results (ppb)

Element Name 049-84 050-84 20300984 20300985 20300986 20301006
Arsenic | 0 5200  NA. NA. N.A. N.A.
Cadmium : < 10.00] < 10.00 20.00) <10.00
Chromium N.A. N.A. N.A. N.A.

N.A. N.A. N.A. N.A.
10.00 60.00) 60.00| 29.00
130.00 160.00) 70.00 130.00

N.A. N.A. N.A. N.A.

N.A. = Not analyzed.

Numbers preceded by “<” indicate that the actual value is below the instrument detection limits. The number

following the “<” is the detection limit.

Table 2.2.2-2. An abbreviated list of IDEM pesticide and PCB fish tissue chemistry results

from 1984 (shaded) and 1991.

IDEM Fish Tissue Chemistry Results (ppb)

Chemical Name
Alpha BHC
Heptachlor Epoxide
Dieldrin
4,4'-DDE
4,4'-DDD
4,4-DDT
Gamma (trans) Chlordane
Alpha (cis) Chlordane
Hexachlorobenzene
1,4-DDE
Pentachloroanisole
Oxychlordane
trans-Nonachlor
cis-Nonachlor
Total PCBs ;
% Lipids |

049-84

following the “<” is the detection limit.
N.A. = Not analyzed.

2.2.3 Sediment Chemistry

050-84

20300984 20300985 20300986
< 8.000] < 8.000 < 8.000]
< 8.000] < 8.000 < 8.000
< 10.000| 15.000 < 10.000
< 10.000 52.000 < 10.000
< 10.000]| < 10.000 < 10.000
<20.000 < 20.000 < 20.000
< 8.000 < 8.000 < 8.000]
< 8.000 < 8.000 < 8.000]
< 10.000 < 10.000 < 10.000|
< 20.000 13.000| < 20.000
< 16.000 < 16.000 < 16.000]
< 8.000 10.000 < 8.000
< 16.000 53.000 9.100|
< 8.000 18.000 < 8.000
132.000 229.000 70.000
2.07 3.99 3.07

Numbers preceded by “<” indicate that the actual value is below the instrument detection limits. The number

A complete list comparing chemical analysis results with background concentrations
appears in appendix D. An abbreviated list of the most interesting results is presented in table
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2.2.3-1. Only one organic contaminant was detected in sediment -- Arochlor 1254. It appears at
the bottom of table 2.2.3-1.

Table 2.2.3-1. An abbreviated list of IDEM heavy metal and PCB sediment chemistry
results from 1984 (shaded) and 1992 with estimated background concentrations.

Estimated
Background IDEM Sedi t Chemistry Results (ppb)

El t Name (pph)* D1827-84 D1828-84 20700412 20700422
Aluminum (Al) 5,370,000 6,190,000,
Antimony (Sb) < 5,600 < 5,200
Arsenic (As) 4,500 4,500
Barium (Ba) 51,100 51,400
Beryllium (Be) 410 380
Calcium (Ca) 8,790,000 9,350,000
Chromium (Cr) 7,700 8,700
Cobalt (Co) 7,500 7,300
Copper (Cu) 8,200, 8,700]
Iron (Fe) 13,600,000 13,800,000
Lead (Pb) 9,100 10,000
Magnesium (Mg) 2,130,000 2,360,000
Manganese (Mn) 895,000 918,000
Mercury (Hg) 30 30|
Nickel (Ni) 15,400 14,900
Potassium (K) 570,000 710,000
Selenium (Se) N.A. N.A.
Sodium (Na) 117,000 129,000
Vanadium (V) 14,300 16,000
Zinc (Zn) 53,900 54,300

Chemical Name
[Arochior 1254 129.0418) < 86.000] < 87.000]

* Background estimates taken from Wente (1994) appendlx table Al (metals) and A2 (PCB) for non-spatially
variable background estimates. Spatially variable background estimates were taken from table C1 and 2
using Vigo County estimates.

N.A. = Not analyzed.

Numbers preceded by “<” indicate that the actual value is below the instrument detection limits. The number
following the “<” is the detection limit.

2.2.4 Incidental Observations of Fish

Fish appeared to be abundant at all macroinvertebrate sites sampled. Although no
intentional fish sampling was performed for this research, several fish species were observed
during macroinvertebrate sampling. At the first macroinvertebrate sampling site (M1, figure
2.2.1-1), one stonecat (Noturus flavus Rafinesque) and two fantail darter (Etheostoma flabellare
Rafinesque) were collected in the kicknet while sampling macroinvertebrates. Additionally,
several sucker and sunfish were observed from on top of the bridge at the CR 24 West site. At
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site M2, two northern hogsucker (Hypentelium nigracans (Lesueur)), one greenside darter
(Etheostoma blennioides Rafinesque), and one fantail darter were collected in the kicknet. At
site M3, one greenside darter, one rainbow darter (Etheostoma caeruleum Storer), and one fantail
darter were collected in the kicknet. Additionally, several blackstripe topminnow (Fundulus
notatus (Rafinesque)) were observed in the slower water below the Old Mill Dam.

2.2.5 Incidental Observations of Fish

Several fresh (recently) dead and weathered (older) shells were found at
macroinvertebrate sample sites M2 and M3. Although no shells were identified (except
Corbicula fluminea (Miiller) in the macroinvertebrate samples), it was apparent from the
diversity of shell shapes that several species of mussel inhabit this watershed. Additionally it
should be noted that even though Corbicula and Sphaeriidae were not present in all
macroinvertebrate subsamples listed in table 3.2-1, these mussels were present in profuse
numbers at all three sites sampled (M1, M2, and M3) in 1994.

2.3 Discussion

2.3.1 Historical Fisheries Data

Comparison of species richness between streams is problematic when sampling
techniques and intensities vary between studies. Whitaker (1976) used seining alone in his study
and sampled at several different times of the year. Most of the fish sampling data the author is
familiar with involves electro-fishing (or a combination of electro-fishing and seining) and
sampling at times of the year when fish communities are more stable (early summer to mid-fall).
Possibly, some species that may not continuously inhabit Otter Creek were collected during the
species' spawning run.

However, 57 species certainly qualifies the Old Mill Dam as one of the more diverse sites
in the state for a stream of this size. For comparative purposes, the largest number of species Dr.
Simon has collected in Indiana during a single sampling event using electro-fishing was 56
species at a Tippecanoe River site (personal communication). Brant Fisher and the author
collected 50 species from a single sampling event using a combination of electro-fishing and
seining at the Tippecanoe and Wabash River confluence (unpublished data). Although neither of
these sampling events represent repeated samplings over time, they do give some indication the
Otter Creek site is likely to be one of the state’s more diverse sites. As previously stated, if a
stream does have a diverse and healthy fish community consisting of both game and non-game
species, this indicates the stream has some value.
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Whitaker’s paper is interesting not only for the diversity of fish captured, but also the
instability of the fish population at this site. Even though measures were taken to ensure that
equal catch effort was invested in each sampling, the number of fish captured per sampling event
varied from 52 to 5,344. Species composition of the catches seemed to be equally variable.

It is interesting to speculate that the powerline right-of-way maintenance that impacted
the macroinvertebrate community between 1991 and 1994 may explain some of the variability in
Whitaker’s (1976) data. Possibly the cyclical disturbance of powerline right-of-way maintenance
(a large-scale disturbance repeated every few years) accentuated community variability and
contributed to the site’s measured species richness. By altering water quality and habitat
conditions, the maintenance projects may have caused the fish community present at the site to
change in species composition from pioneer species immediately after right-of-way maintenance
to the more climax community as time since the last maintenance project passed. As the
communities changed and species came and went over the time of the sampling (12 years), the
species richness measures may have possibly become inflated.

2.3.2 Fish Tissue Chemistry

The heavy metal analysis indicates nothing unusual. The highest metals concentrations
are for elements that are essential to the fish's health -- chromium, copper, and zinc (NRC 1993).
Mercury can be a major problem in fishes. However, the values in these Otter Creek fishes are
far below the levels that most states issue fish consumption advisories (usually between 500 and
1000 ppb).

The pesticide and PCB concentrations are not considered harmful to health. However,
the number of detections is somewhat disconcerting. High numbers of detections occur in both
of the 1984 samples and in sample 20300985 of the 1991 samples. High numbers of detections
occur both up and downstream of the industry that IDEM was monitoring. This indicates the
source of these contaminants probably occurs further upstream. The many acres of farm fields in
the upper watershed are likely sources.
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The PCB concentrations on the other
hand, seem to indicate a source between the
up and downstream sites. Figure 2.3.2-1
depicts total PCB concentrations for all
samples expressed on a percent lipid basis
(total PCB / % lipid). The 1984 up and
downstream samples differ by more than a 20 T
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factor of two. The 1994 samples from the
downstream site seem to indicate the
concentrations are declining with time.

1

1984 U/S 1984 D/S 1994 D/S
Sample
Finally, it should be pointed out that

‘t:ls,h ussue. c’Elemlstry e Figure 2.3.2-1. Total PCB concentrations of
d1sc0nf: erting”. It bf)thers peopl;" to see all samples expressed on a percent
contaminant concentrauops 'at a..nythmfg other lipid basis (total PCB in ppb / %
than zero. However, it is impossible to lipid).

measure a zero concentration. Analytical

chemistry has progressed to the point where traces of toxic chemicals can be detected in almost
anything. As improvements in analytical chemistry techniques continue to detect ever smaller
concentrations, it becomes clear the terms “uncontaminated” or “contaminant free” should be
replaced with the concept of “acceptably (un)contaminated”.

2.3.3 Sediment Chemistry

All of the measured sediment concentrations are below background estimates. Since
background estimates are based on 95" percentile estimates from IDEM’s data set, five percent
of the analyses should result in exceedance of background estimates by random chance alone.
Since there are 58 analyses reported in table 2.2.3-1 (only counting analyses in which the
detection limit was below the background estimate) three analysis results (approximately five
percent of 58) should have exceeded background estimates by random chance alone.

There are two reasons why exceedances did not occur and are not likely in Otter Creek.
First, the data set from which background estimates were made contains data from many
contaminated sites. Inclusion of contaminated data in the reference data set results in inflated
background estimates and therefore, a decreased likelihood the background estimates will be
exceeded. In order to minimize inflation of background estimates, the state needs to cull out
contaminated data from the reference data sets and re-estimate background concentrations as
recommended in Wente (1994). The second reason involves the Otter Creek substrate
characteristics in the sample site vicinity. As stated previously, the substrate is almost
exclusively sand. Sand is unlikely to retain organic contaminants and dilutes metals analysis
results with its inorganic (silicon dioxide) composition. For samples from Otter Creek, non-
exceedance of statewide background estimates only indicates that the samples are not grossly
contaminated.
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Because of Otter Creek substrate characteristics, a more stringent test than comparing
these samples to statewide background estimates would be to compare the sites of interest to
local background estimates. This is the approach that IDEM followed when it collected an
upstream sample to indicate local background concentrations. IDEM was interested in
determining if the three downstream samples (one in 1984 and two in 1992) had elevated
contaminant levels relative to the upstream or background levels. The problem with this method
is there is no real estimate of background variability since only one upstream sample was
collected. Without an estimate of background variability, it is impossible to determine the
acceptable range of background concentrations. Despite this problem, it is interesting to make
the upstream/downstream comparison.

Comparing IDEM’s upstream sample (D1827-84) with the three downstream samples, it
appears that concentrations are elevated for arsenic, chromium, copper, lead, mercury, nickel,
selenium, zinc, and arochlor 1254 especially in 1984. However, all of these contaminants may
concentrate in organic materials to some extent. If the organic content of the samples varied, the
apparent contamination might be readily explained in this way. Unfortunately, an accurate
method for measuring organic carbon content was not available at the time of the 1984 samples.
If it is assumed that there is no variation in organic content of any of the samples, the 1992
samples seem to indicate that concentrations of some of the metals are decreasing (or washing
downstream) relative to the 1984 samples.

In summary, sediment contamination does not seem to be a large problem in Otter Creek.
The sediment concentrations do not exceed the relevant statewide background estimates. If there
was some elevation of contaminant levels in the downstream sediment samples relative to local
background levels, it is probably declining.

Additionally it should be noted, IDEM considers the 20 miles of Otter Creek evaluated by

this agency to be fully supporting of its “aquatic life” designated use. Although, IDEM considers
the upper nine miles of this 20 to be threatened by acid mine drainage (IDEM 1990).

2.3.4 Incidental Observations of Fish

In the author’s experience, it is not uncommon to catch fish while sampling
macroinvertebrates with a kicknet. However, the number of fish per sample, the consistency
with which fish were caught, and the diversity of fish caught do seem t¢ indicate the Otter Creek
fishery is still in good condition. In fact, fish became somewhat of a nuisance during sampling
since fish can eject part of the macroinvertebrate sample from the kicknet as they try to escape.
These incidental observations do corroborate Whitaker’s (1976) data and indicate the fish
communities have not drastically changed (e.g., disappeared).
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Additionally, the stonecat (Noturus flavus Rafinesque) collected at site M1 does not
appear in Whitaker’s (1976) species list for site M3. This addition would bring the total fish
species richness in the Otter Creek watershed to 58.

2.3.5 Incidental Observations of Freshwater Mussels

The presence of sphaeriidae and corbicula does not necessarily indicate good water
quality. Sphaeriidae (the fingernail clam family) are so ubiquitous and so difficult to identify to
species that many malacologists (biologists that study mussels) simply omit them from their
species lists. Corbicula, on the other hand, are exotic organisms and therefore, their presence by
definition is a biological integrity problem.

However, many shells observed at Otter Creek were large native mussel species. Based
on obvious morphological differences, the author estimates at least four species of large native
mussels were present. Although it is difficult for the author to estimate the value of the Otter
Creek watershed to freshwater mussel diversity, the presence of mussels is one more indication
that Otter Creek is a natural resource that merits the attention of IDNR’s LARE program.

Considering all of background information reviewed -- the fish and mussel diversity data
and fish and sediment data. It would appear that Otter Creek is a valuable natural resource that
has managed to escape serious environmental degradation. Coupling that assessment with fact
that it is close to people would indicate that this resource makes Otter Creek even more valuable.
Otter Creek is a resource that people in this area could enjoy without having to drive for hours.
However, refering to Otter Creek as a “valuable natural resource” brings up an interesting point.

The stream is valuable in the sense of its biological diversity and water quality. However,
it is unlikely that those people who are best able to enjoy and care for this resource, the people
who live in or near the watershed, are aware of its value. Since these people do not appreciate
Otter Creek’s value and probably cannot realize any value from Otter Creek’s presence, they do
not take care of this resource the way they would a resource with recognized value.

Something as simple as an informational brochure might increase Otter Creek’s value to
the people who live in or near the watershed. If the brochure was appealing enough, it might
even be a selling point for homes in the area. Image how much more people would care for this
resource if Otter Creek was considered an asset that increases the value of nearby homes by a few
thousand dollars. The point is IDNR might have an easier time enhancing rivers if local
landowners appreciate the value of a resource. Especially if they can capture some economic
value from the protection and enhancement of that resource.
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3. BIOLOGICAL MONITORING

The goal of this biological monitoring project is to measure the difference between the
water quality conditions in the Otter Creek watershed before and after the LARE project. The
biological monitoring conducted in 1994 measured pretreatment conditions at various points in
the watershed. Sample sites were chosen that will isolate and measure the treatment effect.

Two of the selected sample sites were the same sites that IDEM had biologically sampled
in 1991. Ideally, since both 1991 and 1994 samples represent pretreatment conditions
(conditions prior to the initiation of the LARE project), the results should be combined to
provide more accurate estimates of pretreatment conditions and even more importantly, more
accurate estimates of variability in the pretreatment conditions. If the LARE project is a success,
the post-treatment water quality conditions should be better. Failure of the LARE project would
be indicated by post-treatment conditions that were the same or worse. The objective of sections
two and three is to establish a biological monitoring and habitat assessment pretreatment data set
from which the success of the proposed LARE project can be evaluated.

3.1 Methods

Three sites were sampled on Otter Creek in 1994. The sites were chosen to bracket the
confluence of Gundy Ditch with Otter Creek (one upstream and two downstream). Gundy Ditch
is the ditch that carries water from Cox Ditch to Otter Creek. The two downstream locations had
been previously sampled by IDEM as part of its efforts to develop water quality biological
criteria. IDEM macroinvertebrate sampling and habitat assessment methods, subsampling
procedures, and data summary metrics (IDEM 1993) were adopted in order to facilitate
comparisons with IDEM results from these sites as well as, allow comparisons to the other IDEM
sample sites across the state.

To minimize seasonality effects, samples should be collected at approximately the same
time of the year. The 1991 IDEM samples were collected on October 18%, 1991. In order to
prevent potential inter-comparability problems between samples collected for this project and
IDEM samples, macroinvertebrate communities were sampled at all three sites on the same day
of the year, October 8™ (1994), as the IDEM samples.

A major difference between IDEM procedures and those followed for this research is that
no coarse particulate organic matter (CPOM) samples were taken. Since IDEM has not
processed, and probably will not process in the foreseeable future, the CPOM samples it has
collected, this portion of the IDEM sample protocol was omitted.

Macroinvertebrate samples were preserved in formalin and isopropyl alcohol and
transported to the Lake Hart Research laboratory facilities for processing. One hundred organism
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subsamples were taken following IDEM protocols. Taxonomic identifications were to the family
level following IDEM practices and McCafferty (1981). Three biotic metrics were calculated for
each sample -- Hilsenhoff Biotic Index (HBI), Ephemeroptera, Plecoptera, and Trichoptera count
(EPT), and EPT to chironomid ratio (EPT/Chir).

EPT count is the total number of individuals of the orders ephemeroptera, plecoptera, and
trichoptera found in a sample. IDEM’s subsamples represent 1/77™ (one square) of the entire
sample per square subsampled. Since, LHR’s subsamples represent 1/48"™ of the entire sample
per square subsampled, a correction factor of 0.623 (48/77) is applied. Additionally, EPT counts
are corrected for subsample size by dividing by the number of squares subsampled. These
correction factors convert LHR EPT values into values that are directly comparable to IDEM’s
data set. All EPT counts are reported as 1/77™ of the entire sample. The resulting EPT count is
rounded to the first decimal place.

EPT/Chir ratio is the EPT count divided by the number of individuals of the family
chironomidae found in a subsample. Since these values are ratios of two values from the same
subsample, no correction factors are needed. The ratio is already standardized to its subsample,
and therefore, subsample size does not present a problem for comparisons between data sets.
Similarly, HBI values are inter-comparable since they are also a ratio between two measurements
on the same subsample.

Field duplicates were collected at both downstream sample sites. Field duplicates are
duplicate samples that are collected in the field according to the same procedures used to collect
the original samples. These samples are used to determine the precision with which the
biological metrics can be measured at a given site. Large differences in biotic metrics between
field duplicates and original samples indicate the imprecision of the measurement technique.

Both field duplicates were resampled during subsampling to create laboratory duplicates.
Laboratory duplicates indicate the precision of the subsampling techniques. Large differences in
biotic metrics between laboratory duplicates and field duplicates indicate the imprecision of the
subsampling technique.

3.1.1 Macroinvertebrate Sample Sites

Table 3.1.1-1 lists relevant macroinvertebrate sample information. Figure 3.1.1-1 depicts
the location of the macroinvertebrate sample sites.
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Table 3.1.1-1. Macroinvertebrate sample sites by location and date.

Referenced in this

Sampl Paper as:
Location Date S Identifier Sample Site Sample Type

Otter Creek

CR 24 West 10/18/91 IDEM 911018205.0 DEM 1 (o) M1 Original sample

CR 24 West 10/18/91 IDEM 911018205.5 DEM 1 (1d) M1 Lab duplicate

CR 24 West 10/18/94 LHR AAA (0) LHR 1 (0) M1 Original sample

CR 24 West 10/18/94 LHR AAB (fd) LHR 1 (fd) M1 Field duplicate

CR 24 West 10/18/94 LHR AAF (1d) LHR 1 (1d) M1 Lab duplicate

Business 41 10/18/91 IDEM 911018203.0 DEM 2 (0) M2 Original sample

Business 41 10/18/94 LHR AAC (o) LHR 2 (o) M2 Original sample

Business 41 10/18/94 LHR AAD (fd) LHR 2 (fd) M2 Field duplicate

Business 41 10/18/94 LHR AAG (1d) LHR 2 (1d) M2 Lab duplicate

Old Mill Dam 10/18/94 LHR AAF (0) LHR 3 (0) M3 Original sample
North Branch Otter Creek

Private Bridge NE 10/18/91 IDEM 911018201.0 DEM 4 (o) M4 Original sample

1/4 Sec. 23 :

"IDEM = DEM = Indiana Dept. of Environmental Management, LHR = Lake Hart Research, o = original sample, fd
= field duplicate, and Id = laboratory duplicate.

Figure 3.1.1-1. Map})_fmacr

oinvertebrate sa_mple sites.
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The drainage area above each of the macroinvertebrate sample sites varies in size. Site
M1 (the furthest downstream) drains 77,878 acres. Site M2 drains 74,204 acres. Site M3 drains
61,932 acres. Lastly, site M4 drains 23,212 acres.

The two sites resampled in 1994 had to be moved by small distances. Site M1, in 1994,
was sampled approximately 100 meters upstream of the site sampled 1991. This is the next riffle
upstream from the 1991 sample site. It was deemed necessary to move this due to changes in
instream habitat. Similarly, site M2 was moved approximately 20 meters upstream (under the
Business 41 bridge) due to similar changes.

3.2 Results

Results of the macroinvetebrate subsample identifications are presented in table 3.2-1.
The data is summarized at the bottom of table 3.2-1 using the three biotic metrics -- EPT,
EPT/Chir, and HBI. Photocopies of the 1994 macroinvertebrate bench sheets (signed laboratory
worksheets) are included in Appendix A. IDEM'’s bench sheets are on file with the IDEM,
OWM, BSS.
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Table 3.2-1. Macroinvertebrate identification results from 1991 (shaded) and 1994.

Macroinvertebrate Samples”
Taxon (HBI Tolerance |LHR LHR LHR (DEM DEM|LHR LHR LHR 'DEM|LHR ‘DEM
1 . . -

Value) 1) 1(fd) 10d) : d"‘ 2 (o) 2 (fd)

Arthropeda
Insecta
Ephermeroptera
Tricorythidae (4) 1 1
Caenidae (7) 2
Oligonuridae (2)
Heptageniidae (4) 1 6
Odonata
Calopterygidae (5)
Plecoptera
Perlidae (1)
Taeniopterygidae (2) 6 7 3
Chloroperlidae (1)
Trichoptera
Philopotamidae (3)
Polycentropodidae (6)
Hydroptilidae (4) 1 5 5
Limnephilidae (4)
Hydropsychidae (4) 1
Coleoptera
Elmidae (4) 8 13 15
Limnichidae (0)
Diptera
Tipulidae (3) 1
Chironomidae (6) 19 20 22
Empididae (6) 31 42 28
Ceratopogonidae (6)
Simuliidae (6)
Other Arthropoda
Acari (4) 20 16 24
Asellidae (8) 2 2
Astacidae (6) 1
Mollusca
Gastropoda
Lymnaea (6) 9 3 3
Physa (8)
Pelecypoda
Sphaeriidae (8) 1 1
Corbicula (0) 2
Platyhelminthes
Turbellaria (4) 1
Annelida
Olgochaeta (0) 350 137 187
Nematomorpha (0)

w

W W=

76 35
14 9

19 10

31 8

EPT*:| 6.2 | 118 | 94 39.9 | 249
EPT/Chir: | 0.526 | 0.950 | 0.682 | 0.842]1.143
HBI:| 5.18 | 5.04 | 5.04 | 426 491 | 471 E
"LHR = Lake Hart Research, DEM = Indiana Dept. of Environmental Management, o = original sample fd= ﬁeld
duplicate, and 1d = laboratory duplicate.
*EPT counts are reported as 1/77™ of the entire sample.
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3.3 Discussion

Three biotic metrics of macroinvertebrate community health were calculated for each of
the samples. Each will be discussed separately in the next three subsections.

3.3.1 EPT Count

EPT count is a measure of the abundance of individual organisms of the families
ephemeroptera, plecoptera, and trichoptera. EPT counts in table 3.2-1 are mathematically
transformed (standardized) to make them reflective of the abundance in the original sample and
comparable across samples. Higher EPT counts generally indicate better conditions in terms of
water and/or habitat quality. An exception occurs when excessive nutrients enter waterways.
The additional nutrients cause abundance of all species to increase resulting in high EPT counts.
Since excessive nutrients are a major problem in agricultural areas, EPT counts should be
interpreted in conjunction with other biotic metrics.

Figure 3.3.1-1 compares

the EPT counts from both 1991 120

and 1994. The 1994 counts from 100 d

site M1 are much lower. In 1991, - 80

there was a large difference g . \ o © 1991
between sites M1 and M2 with & * 01994
M1 having much higher counts. S E °

In 1994, site M1 has lower counts 20 g o

than any other site on the stream. 0 \ t ; ‘

Site M2 EPT counts were much U L g e &

more stable over time. Site

Interestingly, EPT counts
decrease from downstream to
upstream (M1 - M4) in 1991 and
follow the opposite trend in 1994.

Figure 3.3.1-1. EPT results from 1991 and 1994 (arrow
indicates the same value for 1991 and 1994).
Higher is typically better.

There are several reasons why IDEM’s procedures were adopted for the sampling
methods. One reason that has already been alluded to, is it makes it possible to extend the time
period over which the pretreatment conditions were measured. This makes it possible to estimate
year-to-year variability at sites that IDEM happened to have previously sampled (sites M1 and
M2). Another reason is that makes it possible to compare the sampled watershed to other
watersheds in IDEM’s reference data set.
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In figure 3.3.1-2, the EPT
scores have been converted to 100

percentile ranks according to %

other EPT scores from IDEM g 80 8

reference site data set. This data £ 60 N = © 1991

set contains scores from sites % " - 01994

around the state that IDEM g - e

personnel considered to be £ 20 § =

reflective of the best habitat and 2 : ’ .

water quality in an area. Looking 0 1 2 3 4

at the Otter Creek sites in this Site

manner makes it possible to

compare these sites to other sites

across the state. Figure 3.3.1-2. - EPT results from 1991 and 1994
] expressed as percentiles (arrow indicates the same

Changes are dramatic at value for 1991 and 1994). Higher is typically
site M1. In figure 3.3.1-2, it can better.

be seen that the EPT count at site

M1 changed from the 75™ percentile to below the 10® percentile. In other words, the 1991
samples from site M1 were better than 75% of the reference sites in IDEM’s data set. In 1994,
the same site was only better than 10% of the sites. At site M2, the score was much more stable.
Although, the 1991 score is at the high end of the 1994 scores from site M2.

The utility of any biotic metric is dependent on its ability to respond predictably and
consistently across a range of water quality. The idea behind biotic metrics is to identify some
set of organisms that will be present in every sample and has a predictable response to changes in
water quality. EPT counts rely on order level taxonomic identifications. Since many of the
species within any large taxonomic group may have dissimilar responses to pollution stress,
biotic metric’s based on larger (higher) taxonomic will have less predictable responses and less
certain interpretations. The EPT count is a useful metric, but the inclusion of the additional
information from other metrics allows a consensus of information to produce a more reliable
interpretation.

3.3.2 EPT to Chironomid Ratio (EPT/Chir)

The EPT to chironomid ratio (EPT/Chir) is a relative measure of the abundance of
ephemeroptera, plecoptera, and trichoptera individuals to chironomid individuals. Since
EPT/Chir values are relative measures, no mathematical transformations are necessary to make
them comparable across samples. Higher EPT/Chir ratios indicate better conditions in terms of
water and/or habitat quality. Unlike EPT counts excessive nutrients do not interfere with the
interpretation of this metric. The additional nutrients would cause both EPT and chironomid
populations to increase. Since the EPT/Chir metric is a ratio, semi-equivalent increases in both
the numerator and denominator do not appreciably change the ratio. The major problem with



EPT/Chir ratios is their volatility. Small changes in the denominator (chironomid count) will
result in large changes in the EPT/Chir ratio.

Figure 3.3.2-1 compares

the EPT/Chir ratios from both 4'2 ~
1991 and 1994. The 1991 o 35 o
EPT/Chir ratios from site M1 E 3
exhibit the previously mentioned Dpes OIEL
volatility problem. The number E 12 N o =ik
of EPT organisms is roughly g2 1 = o
equal (97 and 108). However, the 0.5 g H
0

number of chironomids varies
from 24 to 66. It does appear that
the EPT/Chir ratios indicate a Site

small change at site M2 and a

larger change at site M. 1. ! .

Additionally, site M4 has a high Figure I_Z;l;hZe:l S [ilillfhlr results from 1991 and 1994.
EPT/Chir ratio. Recall that its

EPT count that was the lowest of the 1991 counts. Additionally considering all sites together, the
EPT/Chir ratios from 1991 and 1994 overlap less than the EPT counts. Only site M3 (1994) has
a higher EPT/Chir ratio than the lowest 1991 values.

The EPT/Chir ratios
expressed as percentiles figure
(3.3.2-2) show the Otter Creek
sites are similar to other reference
sites in IDEM’s data set. Most of
the 1991 samtgles fall between the
40" and 80 percentiles. The
1994 samples occupy a lower
range between the 15 and 50"
percentiles.

100

80

60 & 1991
E 0 1994

40

mnoo (¢

20

mo (¢

EPT/Chir Ratio (percentiles)

Site
The EPT/Chir metric has

some advantages over the EPT pu. 0 332.2. EPT/Chir results from 1991 and 1994

— .One of these advantages. 18 expressed as percentiles. Higher is better.
that it has some superior

taxonomic resolution since chironomids are identified to the family level. Family level
taxonomy is more specific than order level taxonomy. It is the author’s opinion that more weight
should be given to EPT/Chir ratios during interpretation than EPT counts.
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3.3.3 Hilsenhoff Biotic Index (HBI)

The Hilsenhoff biotic index (HBI) is a weighted average of all of the individuals in a
sample. Since HBI values are another relative measurement, no mathematical transformations
are necessary to make them comparable across samples. Unlike the previous metrics, lower (not
higher) HBI values indicate better conditions in terms of water and/or habitat quality. Similar to
EPT/Chir ratios, excessive nutrients should not interfere with the interpretation of this metric.
The additional nutrients would cause the relative numbers of all families to increase. Since the
HBI metric is a ratio of the total number of organisms multiplied by their respective weights to
the total number of individuals, semi-equivalent increases in both the numerator and denominator
do not appreciably change the ratio. The major problems with the Hilsenhoff biotic index is that
the weights were determined by professional judgment (which is subjective by nature) and it was
calibrated using data from Wisconsin.

Figure 3.3.3-1 compares

the HBI values from both 1991 e

and 1994. Again, the 1994 HBI . g

values from sites M1 and M2 B o

show degradation from the 1991 B 45 ° ° S
values. Two of the 1994 samples = ° 01994
from site M1 received the same 4

score of 5.04. Consequently, only 7

two of the three markers appear e . 1 2 : ;

in figures 3.3.3-1 and 2. Similar

to the EPT/Chir results, site M4 is Site

considered to have extremely

good water and/or habitat quality. g0y e 3331, HBI results from 1991 and 1994. Lower
There is no overlap between 1991 is better.

and 1994 HBI scores. The lowest

1994 score is slightly higher than the highest 1991 score.
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In 1991, the HBI

percentiles (figure 3.3.3-2) were L
very good. Site M4 was the best 80
(lowest) in the entire IDEM ;§ g
reference data set. Even under E 60 B o
the worsened conditions in 1994, g. 40 Q E 0 19%4
no sample fell into worst quartile E -
(75-100). °
0 . . : °

The HBI has advantages 0 1 2 3 4

over both EPT counts and Site

EPT/Chir ratios. It is almost
entirely based on family level
taxonomy, and therefore, should
have superior resolution.
Additionally, the HBI has some
additional sensitivity added by a set of weighting factors referred to as HBI tolerance values.
These tolerance values are whole numbers between O and 10 that are assigned to individual
families to indicate the family’s sensitivity to pollution. It is the authors professional opinion
that this metric should be given the most weight of the three metrics when interpreting results.

Figure 3.3.3-2. HBI results from 1991 and 1994
expressed as percentiles. Lower is better.

3.3.4 Pretreatment Conditions: Part I

The biological monitoring from this research is intended for use in determining
pretreatment conditions. The progress of the LARE project will be measured against the
pretreatment conditions. If the project is a success, it is expected that the biotic metrics
calculated from the future post-treatment sampling will show significant improvement relative to
the pretreatment conditions. Failure would be indicated by the same or worse biotic metric
scores.

Unfortunately there is a problem even with this simple project evaluation strategy. The
pretreatment conditions have changed between samplings. One of many reasons for using the
IDEM data was to check between year variability by comparing the 1991 and 1994 data.
Between year variability should have been small in a stream this large (assuming between year
variability would be mainly due to changes in water flows). However, all of the metrics show
changes at sites M1 and M2. Many of these changes are quite large.

The biological data indicates that a change in water and/or habitat quality has likely taken
place. All three biotic metrics indicate the occurrence of a small change at site M2 and a larger
change at site M1. As stated previously, the author collected and identified the organisms on all
of the samples from sites M1, M2, and M3. It is unlikely that the change is due to differences in
time of collection, sampling gear, techniques, or taxonomic skill level. Additionally, the data
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points do not depict a random pattern. The metric scores have little scatter (the lone exception
being the 1991 data from site M1) with a pronounced offset between years.

A change in the habitat at sitt M2 was quite apparent while performing the biological
monitoring and habitat assessment field work. This change is discussed in detail in the next
section. Briefly though, it appears that powerline right-of-way maintenance, resulted in many
sections of streambank being denuded of vegetation (powerlines make more than 10 crossings on
Otter Creek). The resultant erosion problems seem to have resulted in the measurable differences
in biotic metrics between years.

It is fortunate that IDEM sampled these sites in 1991. Without the IDEM data, the 1994
data would probably have been accepted as pretreatment conditions. As the stream recovered
from the habitat alterations, the improved biological integrity would have been attributed to the
LARE project. Many false expectations could have been raised and many dollars wasted on a
new miracle cure for water quality problems. Only to find out that replication of the treatment
was never able to reproduce the same results.

It appears that the best estimate of pretreatment conditions is the 1991 IDEM data set.
This data set is reflective of the biological integrity that existed prior to the recent alterations.
There are reasons to expect that the stream will restore itself and return to its pre-alteration
condition. After the streambanks have re-vegetated and the LARE project has had time to
produce its effects, the macroinvertebrates can be resampled. If the LARE project was
successful, the biotic metrics should be better than those of the 1991 samples.

Using the 1991 data alone to judge the success of the LARE project is problematic for
two reasons. First it is dependent upon the assumption that the stream will fully recover from the
habitat alterations. Since both of the 1991 sample sites in this area are in the impact zone of both
powerline right-of-way maintenance and LARE project, it will be difficult to separate the effects
of each. The second reason is the 1991 sample data set is small. The 1991 sampling by IDEM
does not include field duplicates or an upstream control site like the 1994 data set has. Without
field duplicates, it becomes difficult to estimate the variability in the pretreatment conditions.
IDEM did perform lab duplicate procedures for site M1. However, lab duplicates only measure
variability introduced by the subsampling technique. The M4 site is upstream and was sampled in
1991. However, it is too far upstream to serve as a good control site. More will be said about
pretreatment conditions in the sections entitled “Pretreatment Conditions: Part I’ (section 4.3.6)
and “Pretreatment Conditions: Part IIT”” (section 5.2.5).



4. HABITAT ASSESSMENT

The Goal of biological monitoring is to infer water quality. However, biological integrity
is a function of both water and habitat quality. Since habitat quality can be exceedingly variable
between sites or between the same site at different times, habitat quality must also be monitored.
This section describes the habitat assessment results from the Otter Creek watershed and
provides information relevant to the interpretation of pretreatment biological conditions.

4.1 Methods

Habitat assessment procedures were performed at site M3 following IDEM, OWM, BSS
procedures (IDEM 1993). These procedures include the Ohio EPA Qualitative Habitat
Evaluation Index (QHEI Rankin 1989) and USEPA Habitat Assessment procedures (USEPA-
HA, Plafkin et al 1989). The QHEI and USEPA-HA procedures were performed in 1991 by
IDEM personnel at the sites M1, M2, and M4,

An attempt was made to assess changes in habitat quality between 1991 and 1994 at sites
M1 and M2. In order to promote consistency with the 1991 habitat assessments at sites M1 and
M2, copies of the 1991 forms were taken to these sites for re-assessment. Since some subjective
interpretation is involved in the habitat assessment process, only those characteristics that had
obviously changed were recorded in field notes. The intent of this procedure was to obtain
scores approximating a score the original investigator would have given during re-assessment.

A photograph was taken of each site. At site M2, two additional photographs were taken
to document vegetation removal on both up and downstream banks. Site photographs were taken
on 4/3/95 (a time when foliage would not obstruct the surrounding landscape). Additionally,
several photographs were taken to document general environmental conditions in Gundy, Swope,
and Cox Ditches. On the day photographs were taken, very localized and intense thunderstorms
had occurred earlier in the day. Skies were overcast. Light rain fell during most of the

photography.

4.2 Results

Reproductions of habitat assessment forms for all sites assessed (both 1991 and 1994) in
the Otter Creek watershed are included in Appendix B. The original 1991 habitat assessment
forms are on file with the IDEM, OWM, BSS. The 1994 habitat assessment forms are on file
with the author.



4.3 Discussion

The Habitat assessment discussion consists of several subsections. The first subsection
(4.3.1) presents a descriptive assessment of the habitat at the four sites that have been sampled
for macroinvertebrates on Otter Creek. The second (4.3.2) compares habitat quality as evaluated
by USEPA and Ohio EPA methods at these sites. Comparisons of habitat assessment scores are
made between Otter Creek sites and between Otter Creek and IDEM’s macroinvertebrate
reference sites. The third, fourth, and fifth subsections (4.3.3, 4, and 5) are descriptive
assessments of habitat conditions in Gundy, Swope and Cox Ditches. A final subsection (4.3.6)
incorporates habitat assessment information into an interpretation of biological monitoring
pretreatment conditions.

4.3.1 Otter Creek

Many habitat characteristics at site M1 did not appear to have changed appreciably from
1991. As stated previously, the author was a member of the sampling team that sampled Otter
Creek in 1991. Wide riparian zones of well-established woody vegetation were still present on
both sides (figure 4.3.1-1). Instream habitat was provided by large woody debris. (Large woody
debris alters the hydraulics of the stream creating small pools and riffles, alters substrate
composition by scouring out sand and leaving gravel, and traps and concentrates organic
materials in the eddies it creates.) Aside from riffle areas though, the majority of the stream
substrate was composed of shifting sand which provides little habitat for macroinvertebrates. A
gravel substrate was present in riffle areas, but in limited quantities only. The specific riffle
sampled in 1991, although present, appeared to be somewhat degraded. As mentioned
previously, a different riffle approximately 100 m upstream was judged to have superior substrate
characteristics and was sampled instead.
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Figure 4.3.1-1. Otter Creek at CR 24 West (view looking upstream, 4/3/95).

The habitat characteristics at site M2 appeared to have been radically altered. In 1991,
the south bank had a dense stand of young (diameter less than three inches) trees. This is verified
by the 1991 habitat assessment forms that indicates a thin 5-10 m riparian zone of woody
vegetation. Additionally, the drawing of the stream channel on the same form indicates a much
more complex instream channel morphology. However in 1994, the woody vegetation on the
south bank had been removed (figures 4.3.1-2 and 4.3.1-3) and the instream channel morphology
had been greatly simplified.
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Figure 4.3.1-2. Otter Creek at Business 41 (downstream, 4/3/95).

The drastic changes in macroinvertebrate community structure may be related to
powerline right-of-way maintenance. High-tension powerlines (background in figure 4.3.1-2 and
extreme left of figure 4.3.1-4) cross Otter Creek in the vicinity of the biomonitoring sites. In
fact, one powerline crosses Otter Creek nine times. The first crossing dccurs approximately one
mile upstream of site M1. The second crossing occurs at site M2. The same line crosses four
more times between sites M2 and M3 and three more times upstream of site M3. It then crosses
Sulfur Creek and several tributaries to Sulfur Creek. A second powerline crosses once on both
Otter (upstream of site M3) and Sulfur Creeks. A third power line crosses Otter Creek near its
mouth (downstream of site M1). Additionally, the second and third power lines make multiple
crossings on Gundy and Cox Ditches (USGS 1962, USGS 1963). However, since little woody
riparian vegetation exists along Gundy and Cox Ditches, it is likely little maintenance is
performed here and impacts to water quality in this area due to power line maintenance should be
minimal.
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Figure 4.3.1-3. Otter Creek at Business 41 (downstream, 4/3/95) showing area of vegetation

removal on south bank.

Figure 4.3.1-4 is a drawing
of the business 41 (M2) sample
area in 1991. It is taken from the
Ohio EPA form that was filled out
at the time of the 1991 sampling
(appendix B). Compared to the
photograph in figure 4.3.1-3, the
sand bar on the stream’s south-side
has become larger and its shape
simplified. The island that was
present in 1991 was greatly
diminished in 1994.

It should be noted that only
one powerline crossing could be
observed. Other powerline

Direction of Flow

/' Gravel

Figure 4.3.1-4. Drawing of stream channel downstream
of business 41 in 1991 (Original artwork: Steven
A. Newhouse).

crossings in this watershed take place in the middle of farm fields far from roadways. However,
it is likely that powerline right-of-way maintenance is performed on all of the powerlines in an
area at roughly the same time in order to minimize travel time for maintenance crews.
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Additionally, the north bank upstream of the business 41 bridge was denuded of
vegetation and partially covered with rip-rap. Rip-rap is the term for the white stones covering
the upstream banks in figure 4.3.1-5. The stones are typically composed of limestone and are
used to prevent streambanks from eroding away after vegetation removal. Rip-rap is typically
thought to be innocuous and in some cases can provide habitat for certain sunfishes -- green
sunfish, longear sunfish, and rockbass -- and macroinvertebrates (author’s personal observation).
However, there are several potential problems with rip-rap.

Figure 4.3.1-5. Otter Creek at Business 41 (upstream, 4/3/95) showing rip-rap and lack of
woody vegetation.

Tree-lined banks, in comparison to rip-rapped banks, provide shade, organic material, and
large woody debris to streams. Direct sunlight on a stream can promote algal growth and causes
water temperatures to fluctuate beyond their normal daily extremes. Increases in algal growth
cause changes in aquatic community structure that promotes herbivorous organisms at the
expense of other organisms. Accentuated water temperature fluctuation favors organisms that
are less sensitive to heat changes than the original biota. Trees provide shade to a stream’s
surface which reduces both temperature extremes and algal growth. A tree’s annual leaf-fall
provides organic material that feeds detritivorous organisms. Replacement of the trees with rip-
rap will reduce the number and diversity of detritivorous organisms. Removing the large woody
debris source (branches and whole trees that fall into the stream from its banks) removes the best
habitat structure in the streams of the Otter Creek watershed. Without large woody debris inputs,
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the instream habitat of most of Otter Creek and its tributaries would consist of shallow water
over a monotonous substrate of shifting sand.

Fallen trees and other debris change the local water currents. Large woody debris causes
constrictions in stream channels that increase water velocity. Changes in water velocity create
gravel raceways through the selective removal of sand and smaller substrate materials and change
substrate contours to create deep pools and shallow riffles. Behind fallen logs, on the other hand,
water velocities may be diminished creating depositional areas that can be rich in organic
materials. Other than a few areas of bedrock outcrop in this watershed’s streams, it is large
woody debris that creates diverse habitat conditions that can be occupied by a diverse assemblage
of organisms.

Another problem with rip-rap is financial liability. The individual stones in rip-rap are
usually loose and roll or twist when stepped on. It is easy for a person to be seriously injured
traversing a steeply angled bank laced with rip-rap. The original woody vegetation the rip-rap
replaced provided several hand-holds and support. Not only does the rip-rap provide no hand-
holds and little support, rip-rap tends to prevent woody vegetation from returning. Therefore,
rip-rapping a bank ensures the liability will exist for years to come. Since the stream itself is
legally considered an attractive nuisance, the addition of rip-rap seems ill-advised at best.

One attempt to secure rip-rap in place the author has observed at several rip-rapped sites
is to splash a small amount of concrete on top of the rip-rap. The hardened concrete prevents the
rip-rap from moving or washing away as readily. However, the uneven and actually jagged edges
of the hardened concrete do not seem to present a much diminished hazard or liability.
Additionally, the hardened concrete prevents the re-establishment of vegetation for an even
longer period of time, therefore possibly extending the length of time the liability exists.

Finally, one last potential problem with rip-rap deals with its chemistry. Limestone varies
along a gradient from almost pure calcium carbonate to dolomite which has magnesium
substituted for a large proportion of the calcium (calcium-magnesium carbonate). It is the
author’s understanding that rip-rap which is excavated from quarries tends to be more calcium-
rich, whereas, limestone that is present at the surface tends to be weathered to the more dolomitic
(magnesium-rich) form. It is likely that ions from rip-rap in contact with stream-water dissolve
into solution and alter water chemistry slightly. This process probably continues until the rip-rap
dissolves, or more likely, forms a weather-resistant dolomitic surface layer through ion exchange
with stream-water and/or selective removal of calcium ions from the rip-rap’s surface. (Selective
calcium ion removal will result in a build-up of the concentration of magnesium ions that
occurred naturally at lower concentrations in the unweathered rip-rap.)

Seemingly, changes in water chemistry would be small and any effects on aquatic biota
negligible. However on several occasions, the author has had electro-fishing equipment overload
in the vicinity of recently deposited rip-rap. (Electro-fishing equipment sends an electrical
charge through water in order to stun fish for fisheries surveys.) Moving equipment upstream of
the rip-rap and restarting it often resulted in remediation of the problem.



The author attributed the electrical overload to rip-rap. The idea being the rip-rap’s
presence resulted in an increased ionic concentration. A higher ion concentration increased the
water’s conductivity that resulted in an overloaded electro-fishing unit when more current
returned to the unit through its cathode. Admittedly, the particular electro-fishing unit is old and
suffers from multiple afflictions. Possibly, the observed correspondence between rip-rap and
overloads is coincidental. However, considering that aquatic organisms are extremely sensitive
to electrical fields and chemical gradients, there does appear to be some potential for impacts to
aquatic communities. In summary, considering the potential environmental impacts to water
chemistry, as well as the aforementioned thermal, eutrophic, physical habitat, and liability
problems, alternative erosion control measures should probably be considered.

A better way to control erosion on streambanks without the use of rip-rap might be to use
willow posts to secure streambanks. The Missouri Department of Conservation recommends this
method and has produced brochures and videotapes that describe this method in detail. The
method involves driving posts recently cut from willow trees into the streambank. The posts will
quickly sprout roots and leaves and secure the bank from erosion. In addition to controlling
erosion, willow trees tend to grow out and over a stream, and therefore, even small willow trees
can provide shade to the water’s surface. Since willows do not grow as tall as some tree species,
the willows may not become problems under power lines. If natural willow species grow too tall,
dwarf varieties may be available. Simply finding vegetation that does not require removal as
often or selectively killing vegetation and leaving the dead wood standing to protect banks would
help. If these trees require little or no maintenance, this erosion control measure may benefit
water quality while saving the utility company, and its customers, money.

Further upstream is site M3. It is located just downstream from the Old Mill Dam (figure
4.3.1-6). The mill dam is the centerpiece of a small park. Trees line the north bank. The south
bank is mostly mowed grass. The instream habitat at this site is radically different from that at
sites M1 and M2. The substrate is a bedrock outcrop.



Figure 4.3.1-6. Otter Creek at Old Mill Dam (upstream, 4/3/95).

The 1991 habitat assessment form for site M4 is included in appendix B. However, the
site is located too far upstream on the North Branch Otter Creek to be useful in this study. The
site was not revisited to determine if habitat characteristics had changed. Results of its Ohio and
USEPA habitat assessment scores are used in the next subsection for comparative purposes only.

4.3.2 Ohio and USEPA Habitat Assessment Methods

Ohio EPA and USEPA have established methods to consistently assess habitat
characteristics of streams and rivers. These methods consist of assessing a series of habitat
characteristics and assigning a numerical rating according to rather rigid guidelines established
for each method. Guidelines are defined as rigidly as possible in order to remove as much
subjective interpretation as possible. Typically, an environmental scientist evaluates habitat
according to a standardized form while standing in the middle of the stream of interest. Copies
of 1991 IDEM and 1994 LHR habitat assessment forms for sites M1 through M4 are included in
appendix B.
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Figure 4.3.2-1 depicts the
USEPA habitat assessment scores
for the four Otter Creek sites.
The best habitat according to this
method is at site M3 (1994) and
M4 (1991). Site M1’s score did
not change between 1991 and
1994. Although some negative
changes (substrate quality and
pool depth) have occurred
between 1991 and 1994 at this
site, there were some habitat
characteristics (bank stability)
that are better at the 1994 location
(100 meters upstream) than the
1991 location. Site M2 is the

USEPA H.A. Score

Figure 4.3.2-1.
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assessment scores (arrow indicates the same value
for 1991 and 1994). Higher is better.

business 41 site which has had much of its riparian vegetation removed for powerline right-of-
way maintenance. The USEPA score lost 19 points at this site. Changes occurred in the
following characteristics -- bottom substrate (-2), embededness (-2), velocity/depth (-2), channel
alteration (-1), bottom scouring (-1), pool/riffle ratio (-4), bank stability (-5), and streamside

cover (-2) characteristics.

USEPA percentile ranks
(figure 4.3.2-2) show more
dramatically that sites M1 and
M2 have lower habitat quality
than sites M3 and M4. Site M2
in 1991 had one of the lowest
USEPA habitat scores in IDEM’s
reference site data set. The 1994
score places this site below all
habitat scores in IDEM’s data set.
Had IDEM’s macroinvertebrate
survey for this area been
performed in 1994, this site
probably would not have been
chosen as a reference site.
According to USEPA methods,
site M2 may not have belonged in
the reference data set in even in
1991.

USEPA H.A. Percentiles

Figure 4.3.2-2.
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Ohio EPA scores (figure

4323) show a  similar L

distribution to the USEPA scores. g7 > = o

Sites M3 and M4 received the @ 70 o

highest scores. Likewise, M1 and 2 s k2 OLERE

M2 received the lowest. Site M1 = o1994
. . = 60

lost three points according to 2 o

Ohio EPA habitat assessment g

methods between 1991 and 1994. el
Changes occurred in substrate
quality (-1), instream cover (-1),
and riffle quality -
characteristics. Site M2 lost nine gy 0 432.3.  Comparison of Ohio EPA habitat

Pomts. (ST RGE ] assessment scores. Higher is better.
instream cover (-2), channel

morphology (-1), riparian zone (-1), bank erosion (-2), pool quality (-2), and riffle quality (-1)
characteristics.

Site

Ohio EPA  percentile

ranks (figure 4.3.2-4) are higher LY

than USEPA percentiles (figure § 80 o o

4.3.2-3). The 1991 Ohio EPA S’ 5

scores for sites M1 and M2 were & 60 P 0 1991
both in the upper 50% of IDEM é 40 o 1994
reference sites. On the other = -

hand, the 1991 USEPA scores for E 20

both of these sites were in the e o . ; ;

lower 50% of IDEM reference 0 1 2 3 4

sites. Possibly, USEPA habitat Site

assessment methods score more
negatively for sites with sand
substrates. However, both habitat
assessment procedures suggest
sitt M2 has declined in habitat
quality between 1991 and 1994. The Ohio EPA methods suggest that habitat degradation has
also occurred at site M1 to a lessor extent.

Figure 4.3.2-4. Comparison of Ohio EPA habitat
assessment percentile ranks. Higher is better.

Many of the changes at sitt M2 are readily explained by the vegetation removal
associated with powerline right-of-way maintenance. If trees are removed, it is obvious that bank
stability, riparian zone quality, and bank erosion characteristics will change. However, changes
in instream substrate and instream cover quality occurred at both sites for which change could be
assessed.

The changes in substrate and pool depth suggest that large quantities of sediment and
sand have been introduced into the stream. The bare soils on the south bank downstream of
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Business 41 at site M2 and the vegetationless rip-rapped banks upstream of Business 41 seem a
likely source of sediment. If it is assumed that many of the powerline right-of-way crossings
were left in similar condition, the changes in Otter Creek may possibly be explainable by this one
phenomenon alone.

This one phenomenon, however, appears to caused changes in Otter Creek’s substrate and
pool depth for many river miles. Substrate and pool changes occurred at site M1 which is more
than three quarters of a mile downstream from the nearest powerline crossing. Assuming
streambank structure is severely degraded at the individual powerline crossings, the denuded
banks probably suffer severe erosion creating a water quality problem. Sedimentation from the
water carrying the eroded material would fill in pools and smother gravel runs with sand and
smaller particles creating additional habitat problems throughout the waterway.

Normally, vegetation removal from powerline right-of-ways would not cause such severe
problems. However, soils in this area are extremely sandy and appear to be deficient in nutrients
and organic material. Possibly after vegetation removal, it is difficult to re-establish vegetation
due to streambank physical and nutritional characteristics.

In the last subsection, Otter Creek habitat quality T H
was examined in detail using formal habitat assessment B Sl -
procedures. In the next three subsections, environmental [ &/5 / I—J W\
conditions in the vicinity of Cox Ditch are examined. |
Ditches in this area contain, undoubtedly, the worst
habitat in the entire Otter Creek watershed. Since no
macroinvertebrate samples could be collected from these
ditches, no formal habitat assessment procedures were cosp,
followed. (Habitat assessment procedures describe the
habitat at a particular site, usually a sample site.) The
descriptive assessment approach used earlier in section
4.3.1 is followed to convey the environmental condition
over a larger aerial extent. Figure 4.3.2-5 will help
identify sites in this sections 4.3.3, 4, and 5.

-'ly,&q

CR4N.

Oy

4.3.3 Gundy Ditch

Figure 4.3.2-5. Map of Gundy,

Gundy Ditch collects water from both Swope and Swope, and Cox Ditches.

Cox Ditches and conveys it to Otter Creek. In figure

4.3.3-1, Gundy Ditch follows a railroad track. The ditch has little to no meanders. The east-side
(right bank in figure 4.3.3-1) is developing a woody riparian zone. The west-side (left bank) is
probably cut or sprayed with herbicides to prevent trees from growing up into the telephone lines
or for railroad right-of-way maintenance. Instream habitat is negligible. Substrate is composed
of shifting sand and some trash. If the vegetation on the east-side of the ditch is allowed to
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mature, large woody debris from branches and trees falling into the water will eventually provide
habitat for fish and macroinvertebrates.

Figure 4.3.3-1. Gundy Ditch at CR 27 East (upstream, 4/3/95).

Downstream from this site, Gundy Ditch cuts through the front yard of a residence. No
woody vegetation is allowed to grow on either bank and grass is mowed to the streambank edge.
These landscaping techniques have resulted in streambank failures (large masses of soil and
attached vegetation breaking free from the streambank) that contribute large quantities of
sediment directly to the stream channel.

The habitat and environmental quality of Gundy Ditch change over its length more so
than in either Swope or Gundy Ditches. At the upstream end of Gundy Ditch, the ditch is straight
and lacks vegetation. It is merely a continuation of the poor habitat and environmental quality
found in Swope and Cox Ditches. However, further downstream, woody riparian vegetation
becomes more common. Near its confluence with Otter Creek, its natural meanders have been
preserved.



4.3.4 Swope Ditch

Swope Ditch (figure 4.3.4-1) is a hydraulic engineer's fantasy-come-true and an aquatic
ecologist's nightmare. From the engineer’s perspective, a straight ditch occupies the least land
area and drains water quickly. The absence of woody vegetation allows easy access for channel
maintenance. The grass (a non-native species) holds the ditch banks in place while allowing
water to infiltrate through the bank. From the aquatic ecologist’s perspective, the ditch is
practically sterile. The lack of variation in habitat means few species will reside in this ditch.
Compounding the problem for aquatic life, the quick water drainage means steamflow conditions
vary from floodwaters during a storm to complete desiccation between rain events.

Figure 4.3.4-1. Swope Ditch at CR 47 East (upstream, 4/3/95).

Looking downstream from figure 4.3.4-1, there was an accumulation of trash and old auto
parts in the stream channel. Trash was a common site in all of the ditches in the Gundy Ditch
drainage area.

The water quality and aquatic biota of Otter Creek are impacted by conditions in its
tributaries. Since farm fields line Swope Ditch instead of trees, agricultural chemicals pass from
fields to waterway without the filtering effect that trees and their extensive root systems provide.
Without shade from trees, the water that passes through Swope Ditch has elevated temperature
and algal cell concentrations. Without habitat and consistent water flow in Swope Ditch, small

4-14



fish are left without stable headwater stream habitats in which they can avoid predation by larger
fish.

The author is not implying that Swope Ditch should be restored to its original conditions
to the local farmer’s detriment. If the predominance of local land usage is any indication of that
land use’s utility to society, then Swope Ditch’s predominant function should be to convey water
from the adjacent agricultural fields. However, Swope Ditch is connected hydrologically to Otter
Creek. Decisions made regarding Swope Ditch impact Otter Creck water quality and biota.
Ideally, impacts to Otter Creek should be factored into the decision-making process for Swope
Ditch.

The reason these impacts are not a consideration to many land owners is that it does not
pay many of the land owner’s to protect water quality and biota. Typically, the benefits of good
water quality and biota increase as a stream gets larger. Small tributaries are important to water
quality. However, the benefits from headwater stream protection (clean water for drinking or
swimming, good fishing, etc.) occur many miles downstream from the landowners who own the
headwaters. This spatial separation of benefits of stream protection from costs of stream
protection in stream headwaters is, arguably, the greatest cause of water quality degradation.

The spatial separation of costs and benefits implies there should be some mechanism to
compensate upstream landowners to protect streams. Ideally, downstream landowners who enjoy
benefits of improved water quality and biota could rent or buy conservation easements adjacent
to headwater streams. The conservation easements would be allowed to re-vegetate. In order for
this system to work, the downstream landowners would need to be assured that the conservation
easement would not be channelized. One of the reasons downstream landowners do not do this
is most downstream landowners do not appreciate their stream’s value. This lack of appreciation
or value is addressed later at the end of section eight.

4.3.5 Cox Ditch

Cox Ditch (figure 4.3.5-1) was different from Swope Ditch in many respects. Although
this waterway is a channelized ditch, the ditch was recovering from the effects of the previous
channelization. One side of the ditch was lined with a thin band of young trees. Additionally,
the stream channel was beginning to form meanders. Meanders create differential flow velocities
in the stream, produce variable stream depths, slow overall water velocity, improve habitat
quality, and eventually produce more stable water flow regimes.
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Figure 4.3.5-1. Cox Ditch at CR 5 North (upstream, 4/3/95). At the time of the photograph,
vegetation was being removed from the right (east) bank and a dredge (a piece of
heavy equipment used to '"dredge-out' or channelize a stream) was observed in the
distance adjacent to the stream.

As a ditch looses its channelized characteristics and reverts to a more natural
morphology, the waterway begins to occupy more of the space that crops could occupy.
Additionally, woody riparian vegetation can out-compete adjacent crops for light and water.
Since, natural channel conditions are perceived as expenses to local landowners, drainage boards
are pressured into spending public funds to re-channelize. If headwater landowners could sell or
rent riparian lands to downstream landowners, there would be less pressure to re-channelize.

During the author’s last visit to Cox Ditch, it was being re-channelized. Only some
vegetation removal had occurred at the site in figure 4.3.5-1. The photograph shows mostly pre-
channelization conditions. The post-channelization conditions will more closely resemble
Swope Ditch (figure 4.3.4-1).

Figure 4.3.5-2 is further upstream on Cox Ditch. It should be pointed out that there is no
water in Cox Ditch at this point. The streambed was dry downstream for as far as the author
could see. Upstream from this point, there was standing water with some emergent aquatic
plants growing in it.
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Figure 4.3.5-2. Cox Ditch at CR 49 North (downstream, 4/3/95). The dark horizontal
objects lying in the farm fields adjacent to the channel are newly felled trees stacked
into piles (arrow).

It is the author's understanding that this is the general area where the proposed land
treatment is to take place. It is obvious the water quality and biological integrity improvements
the LARE project seeks would have to be found far downstream. Similar to Swope Ditch and
parts of Gundy Ditch, some locations on Cox Ditch are strewn with trash and old auto-parts.

In both figures 4.3.5-2 and 3, the extent of the vegetation removal on Cox Ditch can be
seen. The channelization of this ditch, undoubtedly, resulted in greater environmental disruption
than any environmental benefits the LARE project will produce. The denuded streambanks,
exposed to erosion after reshaping, will contribute massive quantities of sediment to Otter Creek.
Even after a grass layer returns to the banks, clumps of grass and soil will continuously slough
off and into the channel to be carried downstream to Otter Creek.



Figure 4.3.5-3. Vegetation removal on Cox Ditch at CR 49 North (downstream, 4/3/95).
The dark horizontal objects lying in the farm fields adjacent to the channel are
newly felled trees stacked into piles (arrow).

4.3.6 Pretreatment Conditions: Part IT

The biological monitoring and habitat assessments performed in 1991 aid tremendously
in the interpretation of the 1994 data. The combined IDEM and LHR data suggest Otter Creek
water and habitat quality is probably dependent upon time. Best conditions probably occur just
before powerline right-of-way maintenance takes place with worst conditions immediately
afterward. In the years between powerline maintenance projects, the water and habitat quality
and biotic communities slowly recover.

Ohio and USEPA habitat assessment methods were useful because of the qualitative
information they contain. The important information from methods is that there was a change at
sites M1 and M2. As will be seen at the end of the next chapter, the quantitative abilities of these
methods leave something to be desired.

4-18



5. LAND USE ANALYSIS

Chapter 5 evaluates the LARE project’s potential for success (from the standpoint of
biological improvement), makes recommendations for the project’s improvement, and finishes
the evaluation of pretreatment conditions in the Otter Creck watershed. This chapter examines
spatial relationships between land uses in the Otter Creek watershed and their potential impacts
to the water quality and biota of this watershed.

Land usage impacts water quality and biological integrity. Tremendous differences are
expected in both water quality and biological integrity in watersheds that differ greatly in land
usage. However, it is rare for land usage to be seriously considered in water quality surveys.

An analysis of the Otter Creek watershed’s land use was performed in order to determine
the extent to which Cox Ditch’s land usage impacts the water quality of Otter Creek. In this
chapter, several different methods for determining the impact of land use on water quality will be
compared. Although much valuable information can be acquired through each one of these
methods, by the end of this chapter it will be clear that many of them are poor estimators of water
quality impacts. The point of this chapter is that the typical method of estimating land use
impacts to water quality is conceptually flawed and inaccurate.

The first three analyses use a model of land use impact to water quality that many
environmental scientists typically, though often less formally, use. Often when asked about the
extent that land usage impacts water quality in a particular watershed, environmental scientists
respond in terms of estimated percentages of the surface area of a watershed covered by
individual land uses. Towards the end of this chapter, a superior method that accounts for land
use position relative to a watershed’s drainage system is used. Using this method it was possible
to accurately model potential impacts of land uses to water quality and identify sites in Otter
Creek watershed that have a high potential to degrade water quality due to their position within
this watershed.

5.1 Methods

In order to determine the land usage of a watershed, the watershed must be delineated.
The Otter Creek watersheds were delineated based a 30 m x 30 m digital elevation model in
geographic information system. This method uses topographic information to delineate
watersheds in much the same way a human with a pencil and topographic maps would.
However, this method is more accurate and less subjective. Land use data came from the USGS
land use data analysis (LUDA) files. This land use data has a resolution of 200 m x 200 m. The
land use data is from 1979.
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5.1.1 Total Watershed Land Use

The first method calculates land use percentages based upon the entire watershed. Three
separate watersheds were examined -- Cox Ditch, Gundy Ditch, and Otter Creek. The
watersheds are nested within each other. Since the difference between these nested watersheds is
the information of interest, land use percentages were calculated for each watershed without the
nested watersheds of interest. In other words, Otter Creek percentages are for all of Otter Creek
exclusive of the entire Gundy Ditch watershed. Gundy Ditch watershed percentages are
calculated for all of Gundy Ditch’s watershed excluding the Cox Ditch watershed. Cox Ditch
has no watersheds of interest nested within it, therefore Cox Ditch percentages are calculated for
the entire Cox Ditch watershed. Additionally, entire Otter Creek watershed percentages
(including nested watersheds) were calculated for comparative purposes.

5.1.2 Visual estimation

The second method uses maps to convey changes in the spatial distribution of land uses
from one part of a watershed to another. Each map shows the distribution of one land use
throughout the watershed. The streams are overlaid on the map to serve as landmarks only. This
method requires visual estimation of differences in land use proportions. Only the three major
land uses in the Otter Creek watershed -- residential, cropland and pasture, and forestland -- will
be depicted in this manner.

5.1.3 Surface Area Model

The third method uses maps similar to the second method. These maps depict land use
percentages for each point on a stream. The stream color (shading in black and white) indicates
land use percentage upstream from that point. Also similar to the second method, only one land
use is depicted on a map. This method of modeling impacts to water quality and biological
integrity on the percentage of watershed surface area occupied by a land use will be referred to
simply as the “surface area model” or “method”. The following equation is used to determine
land usage by the surface area model:

Y. (B, x4)
LU, =& %100 9.1-1

>4

where:
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LU, = the percentage of a given land use at a particular point, x, in the watershed;
n = the number of cells upstream of point, x, in the watershed;
B; =adummy variable that equals 1 if the cell, i, is classified as the land use of interest,
or equals 0, if the cell is not classified as the land use of interest; and
A; =the area of a given cell. Since all cells are the same area, A; always equals 900 m?
(30 m x 30 m) in this analysis.

5.1.4 Water Volume Method

The last two models used in this chapter use water volume passing through a cell to
determine impacts to water quality. The volume of water that passes through a cell, i, is defined
as:

Vol, = Y (A, x W) 10.1-1

j=1
where:

Vol; = the volume of water that passes through cell, 7, in a typical year;
n = the number of cells upstream of point, i, in the watershed;
A; = the area of a given cell. Since all cells are the same area, A; always equals 900 m>
(30 m x 30 m) in this analysis; and
W = the vertical depth of water that each cell contributes as runoff in a typical year.

W is considered to be a constant in this analysis and will not be discussed further since it cancels
out in both equations 10.1-2 and 3.

Potential impacts were determined by equation 10.1-1. It has the same form as equation
9.1-1 with the exception that Vol; (the volume of water) substitutes for A; (the watershed surface
area).

n

Y (B, x Vol,)
LU, =& ———x100 10.1-2

' z": Vol,
i=1

where:
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LU, = the percentage of a given land use at a particular point, x, in the watershed;
n = the number of cells upstream of point, x, in the watershed;
B; =adummy variable that equals 1 if the cell, 7, is classified as the land use of interest,
or equals 0, if the cell is not classified as the land use of interest; and
Vol; = the volume of water that passes through cell, i, in a typical year;

5.1.5 Damage Potential

Potential to degrade water quality was determined by equation 10.1-3. This equation is
simply the sum of dilution ratios. It assumes that water quality degradation is proportional to the
volume of water that interacts with (flows through) a cell.

& Vo,
* S Vol

10.1-3

where:

DP, = the damage potential of a 900 m? parcel of land (cell) at a particular point, x, due
to its position in the watershed;
m = the number of cells downstream of a point, x, in the watershed,
Vol, = the volume of water that passes through cell, x, in a typical year;
Vol; = the volume of water that passes through cell, i, in a typical year;

Since this analysis is only concerned with the Otter Creek watershed, m (the number of cells
downstream of x) ends at the mouth of Otter Creek. No consideration is given to water quality
degradation in the Wabash River or other downstream waterways.

5.2 Results and Discussion

Five land use impact assessment methods were performed. The results of each of the five
methods, as well as the third part of the pretreatment conditions discussion (section 5.2.5), will
be discussed in separate subsections.

5.2.1 Land Use Impacts as a Function of the Entire Watershed
Area

The first method uses the land usage of the entire watershed to estimate the land usage
that would impact each site of interest in the watershed. Table 5.2.1-1 compares the proportions
of the land uses within the Otter Creek watershed and selected sub-basins. The results of the
land use analysis are presented for three portions of the Otter Creek watershed, as well as, Otter

5-4



Creck watershed in its entirety. Cox Ditch (figure 5.2.1-1a) results are presented for this
watershed in its entirety. Gundy Ditch (figure 5.2.1-1b) results are presented for the Gundy Ditch
watershed excluding Cox Ditch. Similarly, the results referred to as Otter Creek (figure 5.2.1-1c)
reflect the land usage in the Otter Creek watershed excluding Gundy and Cox Ditches. Finally,
the results referred to as “entire watershed” include land uses for the entire watershed.

Table 5.2.1-1. Comparison of land usage (in acres and as a percentage of the respective
watershed) within the Otter Creek watershed and some of its selected sub-basins.

Entire
USGS Land Use Classification” Cox Ditch®  Gundy Ditch® _Otter Creek®  Watershed®

Residential 18.5a¢c.(0.49%) 179.03(2.44) 3640(5.33) 3840(4.81)
Commercial and Services - 17.4(0.24) 285(0.42) 302(0.38)
Industrial - - 114(0.17) 114(0.14)
Transportation, Communications, and Utilities - - 62.3(0.09) 62.3(0.08)
Industrial and Commercial Complexes - - 152(0.22) 152(0.19)
Mixed Urban or Built-up Land - - 106(0.16) 106(0.13)
Other Urban or Built-up Land - - 215(0.31) 215(0.27)
Total Urban/Suburban Land Uses: 18.5(0.49) 196(2.67) 4580(6.69) 4790(6.00)
Cropland and Pasture 3850(95.8) 6970(94.9)  38,700(56.5)  49,500(62.0)
Deciduous Forest Land 149(3.71) 178(2.43)  23,900(34.9)  24,200(30.3)
Reservoirs - - 31.1(0.05) 31.1(0.04)
Strip Mines, Quarries, and Gravel Pits - - 1280(1.87) 1280(1.60)
Transitional Areas - - 24.9(0.04) 24.9(0.03)
Total Rural Land Uses:  4000(99.5) 7150(97.3)  63,800(93.3)  75,000(94.0)
Total All Land Uses:  4020(100) 7350(100)  68,400(100)  79,800(100)

‘Watershed Area as a Percentage of the Entire

Watershed Area 5.04% 9.21 85.8 100

" (USGS 1979)

# Cox Ditch watershed in its entirety (figure 9.2.1-1a).
® Gundy Ditch watershed excluding Cox Ditch watershed (figure 9.2.1-1b).
° Otter Creek watershed excluding the entire Gundy Ditch watershed (Gundy and Cox watersheds, figure 9.2.1-1c).
¢ Entire Otter Creek watershed (including Gundy and Cox Ditch watersheds).



Cox Ditch (a)

Gundy Ditch (b)

Otter Creek (¢)

Figure 5.2.1-1. Exploded view of Otter Creek watershed depicting (a) Cox Ditch
watershed, (b) Gundy Ditch watershed excluding Cox Ditch, and (c) Otter Creek
watershed excluding Gundy and Cox Ditch watersheds. Arrows indicate actual
positions.

As table 5.2.1-1 shows this method can reveal some tremendous differences in land use
characteristics of watersheds. Otter Creek watershed excluding the Gundy Ditch watershed is
only 56.5% cropland and pasture compared to 95.8% for Cox Ditch. Cox Ditch watershed is
only 3.71% deciduous forest land compared to 34.9% (almost an order of magnitude difference)
for Otter Creek excluding the Gundy Ditch watershed. Assuming that agricultural land uses tend
to degrade water quality and forestland tends to improve water quality, Otter Creek should have
better water quality and biological integrity than Cox Ditch (when Cox Ditch has water in it).

The USGS (1979) data set lumped cropland and pasture land uses into the same category.
This makes it impossible to analyze these land uses separately. This is unfortunate since these
land uses may have quite different effects on water quality. Since all of the methods presented in
this chapter use the same land use data, all of the models are equally effected by this problem.
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It is not uncommon for land use data to be reported by environmental agencies in this
manner. In reports, several sites may be sampled in a watershed. However, only one set of land
usage estimates is included. Typically, the land use estimates are for the entire watershed.

One problem with this method is that land usage percentages are reported as equal for all
samples taken in the watershed. However, if all of the sample sites are not at the outlet of the
watershed, some of the land uses will occur downstream of the sample sites. Impacts from
downstream land usage would not effect sites upstream. Since, land usage is often related to
watershed size. (For example, cities often occur on streams and rivers of some size rather than
on headwater streams.) The inclusion of the downstream land use data decreases the accuracy of
this method.

5.2.2 Spatial Distribution of Land Uses

The second method uses maps to depict the land usage impacting a site. The person
interpreting the map can judge which land uses are above each site. Estimates of forestland in a
watershed are commonly done using USGS topographic maps. Often this information is not
recorded, but is used for site selection. The following maps show the spatial distribution of the
three major land uses in the Otter Creek watershed and sub-basins. Streams are marked on the
map to provide reference points only. Much can be learned from this method as the following
maps show.

Residential land  usage
(figure 5.2.2-1) tends to be confined
to a small region in the lower
(downstream) portion of the Otter
Creek watershed just north of Terre
Haute, IN, an area on the west-side
of Brazil, IN, and some small towns
between Brazil and Terre Haute
(Seelyville and Staunton, IN). In
the lower portion of Otter Creek's
watershed, residential land use
tends to encroach on major
drainage-ways. On the other hand,
in the upper reaches of the same
watershed, residential -areas are
located away from major drainage-
ways.  Topographic differences Figure 5.2.2-1. Residential land usage (shaded) in
explain this phenomenon. The relation to the streams and sub-basins of Otter
lower reaches of Otter creek Creek.
watershed are flat. The upper

Cox Ditch

Gundy l)lu:lli/(r

Otter Creek
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reaches have greater topographic relief, especially near stream channels. Since flat land is
desirable for residential areas, this land use does not encroach on streams in the upper watershed.

The point that topography
greatly impacts land use is even
more dramatically illustrated in
figure 5.2.2-2 which depicts the
distribution of agricultural lands. In
the upper watershed, agricultural
land uses occupy the ridge tops.
Stream valleys do not have wide
enough floodplains and valley sides
are too steeply sloped to permit
agricultural land usage. On the
other hand, agricultural land uses
encroach on the stream channels in
the lower Otter Creek, Gundy, and
Cox Ditch watersheds due to this
area’s  diminished topographic
relief.

Forestlands (figure 5.2.2-3)
have been relegated to the steep
slopes and thin floodplains of Otter
Creek’s upper reaches. This
distribution of forestlands explains
the good water quality and
biological integrity characteristics
of Otter Creek. The tree-lined
streams are, to some degree,
protected from residential and
agricultural impacts.

A lot of information can be
learned from this method. The
most valuable information
involved the spatial relationships
between waterways and land uses.
However, this method is to a high
degree subjective and descriptive.

Cox Ditch

Gundy Ditch 6

4

Otter Creek

Figure 5.2.2-2. Cropland and pasture land usage
(shaded) in relation to the streams and sub-
basins of Otter Creek.

Gundy Ditch

Otter Creek

Figure 5.2.2-3. Forestland (shaded) in relation to the
streams and sub-basins of Otter Creek.

It would be hard to convey this information without simply showing the maps to another person
and hoping they come up with the same subjective interpretation.



5.2.3 Surface Area Model of Land Use Impact to Water

Quality

This next method uses maps in a much more quantitative way. The following maps
depict the percent residential, cropland and pasture, and forestland upstream from each point on
the streams of the Otter Creek watershed. The color (shade) of the streams indicates the
percentage of watershed surface area occupied by a particular land use.

Most of the Otter Creek
watershed is not impacted by
residential land usage (figure
5.2.3-1). Residential land use only
accounts for a  significant
proportion of water quality impacts
in small tributary streams directly
adjacent to residential areas. In
this watershed, residential land use
does not have a significant impact
on water quality.

There is a major difference
between this analysis and the last.
Using the visual estimation
technique, proportion of land usage
upstream from any point was
subjective. Using the surface area
method it is actually precise. The
electronic form of these maps

Gundy ditch

Otter Creek

Figure 5.2.3-1. Percent residential land usage upstream
from each point on the streams of the Otter
Creek watershed.

contains retrievable information for every point on the map. Determining the proportion of a
land use upstream from a point is as simple as pointing and clicking a mouse.
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Cropland and pasture land
usage (figure 5.2.3-2) have a major
impact on the water quality of the
Otter Creek watershed according to
this method. Not only are almost
all of the small tributary streams
darkly colored, but the main
channels of Otter Creek, Sulfur
Creek, and North Branch Otter
Creek are quite darkly colored as
well.

Forestland land usage
(figure 5.2.3-3) has little impact on
the water quality of the Otter
Creek watershed according to this
method. Not only are almost all of
the tributary streams lightly
colored, but also the main
drainage-ways.

Interpretation of figures
5.2.3-1, 2, and 3 seems to indicate
that Cox and Gundy Ditch
watersheds are  the  major
contributors to any land use related
water quality problems. These
watersheds are composed almost
entirely of land uses that would be
likely to cause degradation of
water resources. However, there
are several problems with the

Gundy dltch

Otter Creek

Figure 5.2.3-2. Percent cropland and pasture land uses
upstream from each point on the streams of the
Otter Creek watershed.

Otter Creek

50%

100%

Figure 5.2.3-3. Percent forestland upstream from each
point on the streams of the Otter Creek
watershed.

surface area model and this interpretation of it.

With the second (visual estimation) method, which simply used maps and subjective
judgments about the position of land uses relative to streams, it was possible to discern the
reason for good water quality in Otter Creek. The surface area model, although appearing much
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more accurate due to its quantitative nature, is unable to account for positional effects.
According to the surface areca model, a cattle feedlot positioned in a watershed’s upper reaches
far from a sample site should have no more effect on at the sample site than a cattle feedlot
located just upstream of the sample site on the stream channel. In Otter Creek, the surface area
model does not account for the relative proximity of forests and streams.

Another common problem is interpretation. All of the analyses in this section have
attempted to use land usage to infer water quality. An often made leap-in-logic is that areas with
the worst water quality must cause the greatest water quality damage downstream. According to
this thinking, Cox and Gundy Ditch watersheds probably have the worst water quality, therefore
they must cause the most damage to Otter Creek. However, both Cox and Gundy Ditches
combined contain less than one third of the cropland and pasture land usage that Otter Creek
watershed (excluding the entire Gundy Ditch watershed) contains (table 5.2.1-1). This
interpretation does not account for water volumes and dilution of land use impacts. The next
section uses a “water volume method” to address both position and dilution problems.

5.2.4 Water Volume Model of Land Use Impact to Water
Quality

Residential land use is uncommon in this watershed as shown in previous figures. Figure
5.2.4-1 depicts results of the hydrologic modeling method of land use impact assessment. These
results do not greatly differ from the results based on watershed surface area in figure 5.2.3-1. In
both cases, residential impacts to the main stream channels are small with only a few tributaries
inside the residential areas showing potential for some intense, localized impacts.




Cox Ditch

Gundy Ditch

Otter Creek

Figure 5.2.4-1. Percent residential land use impact to water quality upstream from each
point on the streams of the Otter Creek watershed.

In Otter Creek watershed, it is the agricultural and forest lands that control the water
quality of Otter Creek and its tributaries. In figure 5.2.4-2, potential water quality impacts from
agricultural lands are depicted. This figure predicts radically different water quality in this
watershed from that depicted in figure 5.2.3-2. Main stream channels are much lighter colored,
indicating a smaller impact from agriculture in figure 5.2.4-2. Only small tributaries show
potential for intense agricultural impacts. In contrast, predicted impacts from agriculture based
upon surface area (figure 5.2.3-2) are much higher in the main stream channels. Impacts are high
according to this model throughout the watershed.
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Cox Ditch

Gundy Ditch

Otter Creek

50%

100%

Figure 5.2.4-2. Percent cropland and pasture impact to water quality upstream from each
point on the streams of the Otter Creek watershed (markers denote
macroinvertebrate sample sites).



Figure 5.2.4-3 compares
agricultural impacts to water quality
calculated by the surface area and water
volume methods at the four
macroinvertebrate sample sites.
Comparisons at these sites are made
simply because the site characteristics
cross a gradient from heavily wooded
upstream  riparian areas  (furthest
upstream, site M4) to a mixture of land
uses in the upstream riparian zone (the
furthest downstream, site M1). The
surface area method does not respond to
this gradient. This method considers
agricultural impacts to be more-or-less
constant at approximately 60% for all of
the sites. The water volume method

100

80

60

40

20

% Agricultural Impact

M1

To— —o— Surface Area
—B— Water Volume

M2 M3 M4
Site

Figure 5.2.4-3. Comparison of land use impact
calculation methods using cropland and
pasture land use data. Lower is better.

responds to the gradient. It predicts changes across this gradient from a 20% agricultural impact
at the upstream (forested riparian zone) site to over a 40% impact at the downstream (mixed land

use riparian zone) site.

In figure 5.2.4-4, potential water quality impacts from forestlands are depictéd. Again,
this figure predicts radically different water quality in this watershed from that depicted in figure
5.2.4-4. This time however, the main stream channels are much more darkly colored, indicating
a much greater influence from forested lands (figure 5.2.4-4). Most small tributaries do not show
up in this figure since few forestlands occur on the ridge tops.
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Cox Ditch

Gundy Ditch

gt

Otter Creek

50%

100%

Figure 5.2.4-4. Percent forestland impact to water quality upstream from each point on the
streams of the Otter Creek watershed (markers denote macroinvertebrate sample
sites).
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Notice that in both figure 5.2.4-
3 and 5.2.4-5, forest and agricultural
land uses switched dominance (majority
water quality impact) at every
macroinvertebrate site. Using the
surface area method, agricultural land
uses account for greater than 50% of the
impact to water quality. Using the
water volume method, forestland uses
account for greater than 50% of the
impact to water quality.

The implication is that the
surface area model takes a very
pessimistic view of water quality. The
water volume method can (in some
cases such as the Otter Creek

watershed) present a much more optimistic view. Which model is right?

100

80

60

—o— Surface Area
—B— Water Volume

% Forestland Impact

20

M1

M2 M3
Site

M4

Figure 5.2.4-5. Comparison of land use impact
calculation methods using forest land use

data. Higher is better.

The 1991 macroinvertebrate data and Whitaker’s (1976) fish survey seem to indicate that
the water quality of Otter Creek is not dominated by agricultural impacts, but rather reflects the
water quality of a watershed dominated by forestland influences. The biological data seems to
support the water volume model. A more definitive answer will be provided by another on-going
research project in which the author is involved. The calculated land use impacts at the four

macroinvertebrate sample sites are listed in table 5.2.4-1.

Table 5.2.4-1. Comparison of land use impact calculation methods at macroinvertebrate

sample sites.

Macroinvertebrate Sample Sites

Model M1 M2 M3 M4

Residential

% Surface Area 4.8 34 33 0.9

% Water Volume 5.1 4.4 0.2 0.1
CroplandandPasture

% Surface Area 61.6 61.9 55.9 62.3

% Water Volume 424 37.3 26.9 19.7
Forestland _—

% Surface Area 30.7 32.2 38.0 36.1

% Water Volume 51.5 58.1 72.7 80.1
Other Land Uses

% Surface Area 2.9 2.4 2.9 0.7

% Water Volume 1.0 0.2 0.3 0.1

% Surface area = % of watershed surface area occupied by a particular land use upstream from the site.
% Water Volume = % of water volume that passes through a particular land use upstream from the site.
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It may seem that the water volume model is a simple change of scale and will always
estimate higher forestland impacts and lower agricultural impacts. In reality though, the water
volume method is a totally different measurement method and will produce lower estimates of
forestland impacts than the surface area method in many watersheds. Forestland impacts are
higher according to the water volume method in regions where forestlands are adjacent to
streams and lower when other land uses are adjacent to streams. As a general rule (i.e., one that
has many exceptions), forestlands border streams in geologically young regions such as the
glaciated region of northern Indiana. In this region, river valleys are too narrow to support
agriculture and urban areas. In northern Indiana agriculture and urban areas occupy the
“highlands”. On the other hand, in the non-glaciated (southern) parts of Indiana, forestlands
occupy the highlands. Agriculture and urban areas occupy wide floodplain areas adjacent to river
channels.

It is the author’s opinion that the two models represent two extremes of the ability of land
use to impact water quality. Some nonpoint source pollutants, such as agro-chemicals, probably
cause impacts to water quality closer to the surface area model predictions. Since their
application in a watershed is controlled by the surface area of the land uses that involve agro-
chemicals and not by the amount water moving through an area. On the other hand erosion,
substrate scour, and sedimentation cause impacts that are more closely approximated by the
water volume model since these effects are related to the amount of water moving through an
area.

5.2.5 Pretreatment Conditions: Part III

In many respects, the surface area and water volume models are habitat assessment
methods. Similar to habitat assessment methods, the models aid in the prediction of water
quality and biological integrity by controlling for differences in the physical characteristics of
sample sites. These models have an advantage over USEPA and Ohio EPA habitat assessment
methods since these models evaluate the entire watershed. These models also have
disadvantages since they are based on 19 year old land use data. A disadvantage of USEPA and
Ohio EPA habitat assessment methods is they evaluate only the watershed characteristics within
the scorer’s field of view. However, a major advantage of the USEPA and Ohio EPA methods is
they can be repeated to assess change over time.

Regression models were constructed to evaluate the predictive ability of all four habitat
assessment methods -- USEPA, Ohio EPA, surface area, and water volume. Twelve separate
regression models were created to predict each of the three biotic metrics from each of the four
habitat assessment methods. Biotic metrics were calculated for eleven macroinvertebrate
samples in table 3.2-1. However, three of these samples were lab duplicates. Since lab
duplicates are not independent observations of field conditions, they cannot be used for model
testing as independent observations. However, they do represent useful information that can be
used to improve the accuracy of the sample from which they were originally split. Therefore,
lab duplicates and the sample from which they were split were averaged and substituted for the
original value. After removal of the lab duplicates from the data set, the testing data set consisted
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of eight observations. Since a simple regression model consumes two degrees of freedom, only
six were left for testing.

Since changes occurred in the Otter Creek watershed that will not be reflected in the 19
year old land use data, a predictive model based upon the land use data is more complex. In this
model a class variable is added to the model to create a covariance model. The class variable
accounts for changes due to powerline right-of-way maintenance. The inclusion of the extra
parameter consumes another degree of freedom making it less likely that these models will be
significant. : &

Results of the regression and covariance models are presented in Table 5.2.5-1. The EPT
count was not significant in any of the models tested. Ohio and USEPA habitat assessment
methods did not produce significant models with any of the biotic metrics. However, both the
EPT/Chir and HBI biotic metric covariance models were significant at the o =.05 level.

Table 5.2.5-1. Comparison of habitat assessment methods.
Habitat Assessment Method

USEPA Ohio EPA Surface Area Water Volume

Biotic Metric R® P R? P R’ P R* P
EPT 0052 0596  0.106 0432] 0293 0420 0271 0454
EPT/Chir 0247 0210 0352 0.121 0820 00137 0838 0011
HBI . 0.081 0494  0.143 0.355 915 0002

Shading indicates model is significant at P < .05 level.

The covariance models are composed of two variables -- a regression slope that accounts
for variability in habitat and an offset that accounts for changes due to powerline right-of-way
maintenance. The slope variable is most important for estimating pretreatment conditions for the
LARE project. Table 5.2.5-2 contains the slope and offset significance measures (P).

Table 5.2.5-2. Comparison of land use assessment methods.

Land Use Impact Assessment Method

Surface Area Water Volume
Biotic Metric Slope (P) Offset (P) Slope (P) Offset (P)
EPT/Chir 0.080 0009 0.060 0.013
HBI 0.084 0.008 e 0.003

Shading indicates slope is significant at P < .05 level.

Although all four of the models are significant, table 5.2.5-2 indicates that most of the
model significance is due to the offset. The surface area model is close to having a significant
slope term. However, the water volume method was slightly better for both metrics. As stated
previously, it is the author’s opinion that the two models represent the extremes of the ability of
land usage to impact water quality and biological integrity. The actual impact of land usage is
probably somewhere in between. However, it is the author’s opinion and the statistics
corroborate this, that the water volume method is a more accurate method overall.
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The covariance model is
depicted in figure 5.2.5-1. The e

bottom line indicates conditions Al =)
in Otter Creek prior to powerline B o
maintenance (1991), as well as, .l \ O Impacted
pretreatment  conditions  the E \ o Non-impacted
LARE project should be 41
evaluated against. (Recall that &

35 T E——

lower is better for HBI Scores.)
The top line is the impacted
conditions measured in 1994. Forestland (% Water Volume)
The two lines are parallel

meaning the slope parameter is Figure 5.2.5-1. Covariance analysis relating HBI scores

the same for both lines. The 2
h 1 1 (R® = 0.92, P =.002).
offset is the vertical distance to the water volume model ( ? 2)

between the two lines. According to the covariance analysis, powerline right-of-way
maintenance increased HBI scores (lower is better for HBI scores) by 0.6 HBI units in Otter
Creek’s impacted area. The impacted area probably extends from the furthest upstream
powerline crossings on Otter and Sulfur Creeks to Otter Creek’s confluence with the Wabash
River.

45 50 55 60 65 70 75 80 85

5.2.6 Potential to Damage Water Quality

The previous analyses (surface area and water volume models) depicted water quality
impacts to each site on a stream due to all of the land uses upstream from that site. The
following analysis is the converse of the previous analysis. The next analysis predicts the
potential of each site in a watershed to damage the entire watershed’s water quality.

Figure 5.2.6-1 is the most important piece of information in this report. It depicts sites
with the most potential to damage water quality in the Otter Creek watershed. The dark areas
have the highest damage potential. If the dark areas are protected with wide riparian zones (50 -
100 m) of woody vegetation, the water quality will be high. Encroachment of damaging land
uses into these areas will greatly diminish water quality and biological integrity.
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Cox Ditch

Otter Creek

Medium
High

Figure 5.2.6-1. Sites within the Otter Creek watershed that have a high potential to
degrade water quality due to their position alone.

Notice that Cox Ditch has very little potential to damage the Otter Creek watershed’s
water quality. Most of the high damage potential lands occur along the stream channels. It is the
author’s understanding that the LARE project is away from the Cox Ditch channel. Even if this
project was on Cox Ditch’s channel, there are probably other parcels of land with more potential
to damage water quality that should be treated first. These other lands would yield a higher
return for the LARE program’s investment.

In figure 5.2.6-2, very little of the high damage potential lands occur on the residential or
agricultural lands. However it must be recognized that the land use data used in this map, as well
as all of the other maps preceding it, have a very coarse resolution and are 16 years old. The
actual distribution of land uses may have changed somewhat or may vary at a finer resolution (in
plots smaller than 200 m X 200 m). It was apparent from driving through the watershed, that
much of Otter Creek has a thin vegetated riparian zone that would not show up at a 200 m x 200
m resolution.
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Figure 5.2.6-2. Sites within the Otter Creek watershed that have a high potential to
degrade water quality due to their position and land usage (USGS (1979) land use
categories “residential” and “cropland and pasture”).

In any event, the previous figure (5.2.6-1) is not based on land use data and represents a
relatively accurate depiction of the damage potential of all lands in the Otter creek watershed.
Land use practices that may cause degradation of water quality on these sensitive lands can be
identified more accurately than is depicted in figure 5.2.6-2 by walking the streams of interest, or
less labor-intensively, by looking at recent aerial photographs.

The previous damage potential analysis is based on the water volume model. The same
analysis could be run using the surface area model. According to this model, sites that pose the
greatest threat to water quality are located at the furthest points upstream (i.e., on the watershed
divides). The reason for this is that these sites have the longest drainage paths and therefore, can
cause damage at the most points downstream. According to the surface area model, the least
damaging sites would be located on the stream channel near the watershed outlet since these sites
damage the least number of points downstream. Obviously, sighting a cattle feedlot or some
other water quality degrading land use on a stream channel will damage water quality more than
sighting the same facility near the watershed divide where only a small volume of water will
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drain through it. This problem with the surface area model is the major reason for discouraging
this models use. This problem is caused by the inability of the surface area model to account for
land use position.
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6. SUMMARY

6.1 Objective #1 Summary

The first objective was to review existing sources of information that are pertinent to the
water quality and biological integrity of the Otter Creck watershed. The historical fisheries data
indicates the fish community of the Otter Creck watershed was quite diverse. IDEM fish tissue
chemistry data is disturbing from the standpoint that the number pesticide detections is high.
However, this is not uncommon in agricultural regions. The levels are considered safe by IDEM,
ISDH, and IDNR. IDEM sediment chemistry data seems to indicate sediment contamination is
not a problem. Incidental observations of fish tends to indicate that fish populations are still
healthy and diverse. It is doubtful that the fish community has changed much from the time of
Whitaker’s (1976) study. Incidental observations of freshwater mussels indicate that several
freshwater mussel species do occur in the Otter Creek watershed. Additionally, IDEM’s 1991
macroinvertebrate and habitat assessment surveys indicated Otter Creek’s water and habitat
quality can be some of the best in the state. Taken together, the evidence indicates that Otter
Creek is an extréemely valuable natural resource.

6.2 Objective #2 Summary

The objective of sections two and three was to establish a biological monitoring and
habitat assessment pretreatment (baseline) data set from which the success of the proposed
LARE project can be evaluated. Although, the powerline maintenance project made this a very
difficult chore, it does appear that the LARE project can be evaluated from the 1991 IDEM data
set for estimates of pretreatment conditions. The combined LHR, IDEM, and post-treatment data
sets should be used in a covaiance model to produce variability estimates. The water volume
method results should be used as the covariate.

6.3 Objective #3 Summary

The third objective was to evaluate the LARE project’s potential for success (from the
standpoint of biological improvement) and make recommendations for project improvements.
This objective was accomplished by examining the damage potential of sites within the Otter
Creek watershed. This technique indicates sites within the Cox Ditch watershed have little
potential to seriously damage the Otter Creck watershed’s water quality. Additionally, the
damage potential analysis indicates the LARE project could have a much more significant impact
if it could be implemented at other locations in the watershed (figure 5.2.6-1).
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7. CONCLUSIONS

The Otter Creek watershed suffers from several problems. All of these problems can and
should be remediated. The identified problems were:

power line right-of-way maintenance;

encroachment of non-forested land uses into the riparian zones;
channelization for drainage improvement purposes; and
pesticide contamination of fishes.

et

All of these problems would heal over with time if energy and resources were not actually
expended to cause the problems. The solution to all of these problems is to maintain a riparian
buffer zone of woody vegetation around the watershed’s streams and ditches. Powerline
crossings can be accomodated using shorter vegetation or selectively killing vegetation as it
becomes too tall. Encroachment of non-forested land uses into riparian zones can be addressed
through zoning laws or purchases of development rights. Drainage improvements would
probably not be necessary as often if ditches were protected by wider riparian zones of woody
vegetation. Wider riparian zones of woody vegetation will also help to filter out pestcides and
other agricultural chemicals before they reach waterways. However, the real problem with Otter
Creek is the lack of political and economic incentives to solve the problems afflicting this
watershed.

The Otter Creek watershed has some exceptional qualities. Some of indications of these
exceptional qualities are:

1. The 1991 biomonitoring results indicate that this stream is one of the best streams in the
state;

2. Whitaker’s (1976) 12-year fish population survey at the Old Mill Dam site indicates that
Otter Creek may have one of the most diverse fish populations for a stream of its size in the
state; and

3. The incidental observations of freshwater mussels indicate this important and rapidly
disappearing group is present and may have representives of several species in this
watershed.

These exceptional qualities are largely unknown to the people who inhabit the watershed.
Making these qualities known would help create some political and economic incentives. Once
people appreciate the resource and understand how to protect it, the political incentives have
been created.

In a perfect world, the political incentives would create the economic incentives to
maintain riparian zones. People would want to protect Otter Creek because it would be the “right
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thing to do”. However, the real world is more complex. The benefits and costs of water quality
and its protection and enhancement are spatially seperated. In order to facilitate the maintenance
and restoration of Otter Creek’s water quality and biological integrity, governmental intervention
is probably necessary. It is probably necessary for government (state, county, or local
consevancy district) to purchase the development rights on riparian lands from landowners and
importantly, to ensure that those development right agreements are being observed.

It is the author’s opinion that the currently proposed LARE project will not result in
observable improvements in the Otter Creek watershed. This is not only due to other problems
in this watershed or even the actions of the Vigo County Drainage Board on Cox Ditch, but is
inherent to the project itself. In order for the project to be successful it needs to impove a large
volume of water. Since the project area is located in the very upper reaches of the watershed, it
effects only a small volume of water. By the time the water impacted by this project reaches an
area of permanent water where benefits to water quality and biological integrity can actually
occur, the treatment effects will be negligible due to dilution with the tremendous volume of
untreated water from untreated portions of the watershed.
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8. RECOMMENDATIONS

These recommendations have been arranged according to increasing level of public
commitment to improving the Otter Creek watershed’s water quality and biological integrity.
The first set assume a low level of commitment in terms of public resources. The second assume
more, etc. At some point prior to the end of the list of recommendations, the public’s resources
and commitment will probably run out. The recommendations beyond that point might be
considered for possible implementation at some future time. In any event, the recommendations
are presented in an order that the author deems logical (i.e. the first set of recommendations
should be implemented prior to the initiation of sets of recommendations further down this list).

8.1 Low Public Commitment Recommendation
The author recommends:

1. the Cox Ditch (LARE) project be re-evaluated. It is the author’s opinion that this project will
not produce measureable benefits to the Otter Creek watershed’s water quality and biological
integrity.

8.2 Moderate Public Commitment Recommendations
The author recommends:

1. river enhancement projects be coordinated with county drainage boards. It is conceivable
that a well designed river enhancement project could fulfill the goals of both IDNR and the
county drainage boards. By combining the funds of both parties, joint projects might enhance
water quality, biological integrity, and reduce channel maintenance costs while maintaining
the ditch’s desired drainage characteristics.

2. measures be taken to mitigate the effects of tree clearing under utility lines. The author’s
suggestions are detailed in section 4.3.1. This would seem to be an excellent LARE project
and/or NPS pollution control project funded by USEPA through' IDEM. Potentially, the
LARE program’s contribution could be the required local matching funds.

3. the number of monitoring sites should be increased. The positioning of the monitoring sites
should take advantage of the water quality predictions in figure 5.2.4-4. These monitoring
sites should be positioned across a range of predicted water quality.

4. IDNR provide information about Otter Creek aquatic fauna to landowners in and around the
Otter Creek watershed. As explained in section 2.3.5, land owners would likely take better
care of Otter Creek if they understood its value and especially if they could capitalize on
Otter Creek’s value. In that section, the idea of producing a brochure for the people who live
near Otter Creek was alluded to. The brochure would tell local land owners about the
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diversity of Otter Creek and explain why they should value it. Much of the information in the
brochure could come from this report and the expanded monitoring program, especially if
this monitoring includes other organism groups of interest to local landowners (e.g., fish,
mussels, and possibly mammals, birds, etc.).

Another function of the brochures could be to educate landowners about what they could
do to protect and enhance Otter Creek. A section explaining the value of riparian vegetation
showing pictures of both good and bad riparian zones would go a long way toward protecting
water quality and biological integrity.

8.3 High Public Commitment Recommendations

If state government, county government, local conservation group, or some combination

of these entities considered Otter Creek to be extremely valuable to water quality and biological
integrity, the following recommendations would apply.

L.

The author recommends:

conservation easements be purchased adjacent to stream channel’s and converted to
forestland. Figure 10.2.2-1 should be used to guide land purchases. Selling prices should be
compared to the particular parcel’s damage potential. Lands should be purchased that
prevent the most damage at the lowest price.

the number of monitoring sites should be increased. Larger public expenditures require
thorough monitoring in order to ensure that actual benefits of expenditures are being realized.
Position of monitoring sites should be based on figure 5.2.6-1’s water quality predictions.
Monitoring sites should be placed at points where water quality and biological integrity are
expected to be improved. The predicted and realized benefits should be compared. As Otter
Creek’s water quality improves, the law of diminishing returns predicts that at some point
public funds would be better spent on other projects.

. the monitoring data be included in updated informational brochures. The brochures will act

as reminders of Otter Creek’s value to local landowners.
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APPENDICES
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Appendix B. Habitat Assessment Forms
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Appendix C. Fish Tissue Chemistry Analysis (Complete
Results)



Appendix Table C10-1. Comparison of IDEM heavy metal fish tissue chemisty results from

1984 (shaded) and 1991.
IDEM Sediment Chemistry Results (ppb)

ElementName 049-84 050-84 20300984 20300985 20300986 20301006
Arsenic N.A. N.A. N.A. N.A.
Cadmium < 10.00| < 10.00 20.00 < 10.00
Chromium N.A. NA. N.A. N.A.
Copper N.A. N.A. N.A, N.A.
Lead 90, 10.00] 60.00 60.00 29.00
Mercury 120:00 130.00| 160.00 70.00| 130.00
Zinc 19,800.00 N.A. N.A. N.A. N.A.

N.A. = Not analyzed.
Numbers preceded by “<” indicate that the actual value is below the instrument detection limits. The number
following the “<” is the detection limit.

Appendix Table C20-2. Comparison of IDEM pesticide and PCB fish tissue chemisty
results from 1984 (shaded) and 1991.

IDEM Fish Tissue Chemistry Results (ppb)

Chemical Name 049-84 050-84 20300984 20300985 20300986
Alpha BHC : .00 < 8.000 < 8.000 < 8.000)
Beta BHC < 8.000 < 8.000 < 8.000
Delta BHC < 8.000 < 8.000 < 8.000
Gamma BHC < 8.000 < 8.000 < 8.000]
Heptachlor < 8.000 < 8.000 < 8.000|
Aldrin < 8.000 < 8.000 < 8.000
Heptachlor Epoxide < 8.000 < 8.000 < 8.000
Dieldrin < 10.000 15.000 < 10.000
4,4'-DDE < 10.000 52.000 < 10.000
Endrin < 10.000 < 10.000 < 10.000,
4,4'-DDD < 10.000 < 10.000 < 10.000,
Endosulfan Sulfate <20.000 < 20.000 < 20.000|
4,4'-DDT < 20.000 < 20.000 < 20.000|
Methoxychlor <20.000 < 20.000 < 20.000
Gamma (trans) Chlordane < 8.000 < 8.000 < 8.000
Alpha (cis) Chlordane < 8.000 < 8.000, < 8.000
Hexachlorobenzene < 10.000 < 10.000 < 10.000
1,4'-DDE < 20.000 13.000 <20.000
1,4-DDD < 10.000 < 10.000 < 10.000,
1,4-DDT < 20.000 < 20.000 < 20.000
Pentachloroanisole < 16.000, < 16.000 < 16.000
Oxychlordane < 8.000 10.000, < 8.000]
trans-Nonachlor < 16.000 53.000 9.100
cis-Nonachlor < 8.000 18.000 < 8.000
Total PCBs 132.000 229.000 70.000




Endosulfan I < 20.000 <20.000 < 20.000
Endosulfan 1I < 20.000| < 20.000 < 20.000
Toxaphene < 10.000 < 10.000 < 10.000
Endrin Ketone < 10.000 < 10.000 < 10.000
Endrin Aldehyde O NAG s e - < 10.000 < 10.000 < 10.000
% Lipids | 582-758 | 290-397 " 2.07 3.99 3.07

Numbers preceded by “<” indicate that the actual value is below the instrument detection limits. The number

following the “<” is the detection limit.
N.A. = Not analyzed.




Appendix D. Sediment Chemistry Analysis (Complete Results)



Appendix Table D10-3. Comparison of IDEM heavy metal sediment chemisty results from
1984 (shaded) and 1992 with estimated background concentrations.

Estimated
Background IDEM Sediment Chemistry Results (ppb)

Element Name (ppb)* D1827-84 D1828-84 20700412 20700422
Aluminum (Al) 21,100,000 NA [ TNAL ] 5,370,000 6,190,000
Antimony (Sb) 3,229.33 i < 5600 <5200
Arsenic (As) 17,600 4500 4500
Barjum (Ba) 190,000]...... 51,100 51,400
Beryllium (Be) 1,041.27| 410 380
Cadmium (Cd) 7,088.63[ < 660 < 620
Calcium (Ca) 116,000,000[ 8,790,000 9,350,000,
Chromium (Cr) 71,000} 7700 8700
Cobalt (Co) 24,017.95] 7500 7300,
Copper (Cu) 77,000} 8200 8700
Iron (Fe) 37,000,000 13,600,000 13,800,000
Lead (Pb) 114,000| 9100 10,000
Magnesium (Mg) 20,000,000| - 2,130,000 2,360,000
Manganese (Mn) 1,440,000) 895,000 918,000
Mercury (Hg) 237|; 30 30
Nickel (Ni) 63,000 15,400 14,900
Potassium (K) 2,300,000 570,000 710,000
Selenium (Se) 1,637.89| N.A. N.A.
Silver (Ag) 2,776.25| < 990 < 930
Sodium (Na) 470,556.35 117,000 129,000
Thallium (T1) 2,248.02 N.A. N.A.
Vanadium (V) 46,000[ A 14,300 16,000
Zinc (Zn) 310,000} 76,000| 53,900 54,300

* Background estimates taken from Wente (1994) appendix table A1 for non-spatially variable background estimates.
Spatially variable background estimates were taken from table C1 and 2 using Vigo County estimates.

N.A. = Not analyzed.

Numbers preceded by “<” indicate that the actual value is below the instrument detection limits. The number
following the “<” is the detection limit.

Appendix Table D20-4. Comparison of IDEM pesticide and PCB sediment chemisty results
from 1984 (shaded) and 1992 with estimated background concentrations.

Estimated
Background IDEM Sediment Chemistry Results (ppb)
Chemical Name (ppb)* D1827-84 D1828-84 20700412 20700422
Alpha BHC 28918 < 1.600] 1.000 < 8.600 < 8.700
Beta BHC 8.0736) : : < 8.600 < 8.700
Delta BHC 0.001} . < 8.600 < 8.700
Gamma BHC 0.0683| < 1.700 <1.700
Heptachlor 2.3846| < 8.600 < 8.700
Aldrin 0.4081 < 13.800 < 14.000
Heptachlor Epoxide 0.6069| < 8.600 < 8.700)
Dieldrin 10.6652 < 1.700 < 1.700|




4,4'-DDE < 3.400 <3.500
Endrin < 17.000 < 17.000
4,4'-DDD < 3.400 < 3.500
Endosulfan Sulfate < 17.000 < 17.000
4,4'-DDT < 3.400 <3.500
Methoxychlor < 17.000 < 17.000|
Gamma (trans) Chlordane < 1.700| < 1.700]
Alpha (cis) Chlordane < 1.700| < 1.700]
Hexachlorobenzene < 8.600 < 8.700
1,4-DDE ) < 3.400 <3.500
1,4'-DDD 24.6326 < 3.400] <3.500
1,4-DDT < 3.400 < 3.500
Pentachloroanisole < 34.000 < 35.000
Oxychlordane < 1.700 < 1.700
trans-Nonachlor < 1.700| < 1.700
cis-Nonachlor < 1.700] < 1.700
Arochlor 1221 < 86.000 < 87.000
Arochlor 1232 < 86.000 < 87.000
Arochlor 1016 10.5603 < 86.000 < 87.000
Arochlor 1242 40.5374| < 86.000 < 87.000
Arochlor 1248 297.8131 ¢ < 86.000 < 87.000
Arochlor 1254 129.0418| " < 86.000 < 87.000
Arochlor 1260 < 86.000 < 87.000
Endosulfan I < 17.000 < 17.000
Endosulfan II X < 17.000 < 17.000
Toxaphene 13.3866 < 34.000] < 35.000
Arochlor 1262 14.8923 N.A. N.A.

Total Chlordane 8.4289 N.A. N.A.

Endrin Ketone 5.7809 < 8.600 < 8.700
Endrin Aldehyde 0.605}. < 8.600 < 8.700

? Background estimates taken from Wente (1994) appendix table A2.

Numbers preceded by “<” indicate that the actual value is below the instrument detection limits. The number
following the “<” is the detection limit.

N.A. = Not analyzed.
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Arthropoda
Insecta
Eph optera
Siphlonuridae (7) Tricorythidae (4) t Polymitarcyidae (2) Leptophlebiidae (2)
Ephemerellidae (1) Ephemeridae (4) Oligonuridae (2) .
Potamanthidae (4) Baetidae (4) Baetiscidae (3)
Metropodidae (2) Caenidae (7) Heptageniidae (4) __ |
Odonata
Cordulegastridae (3) Calopterygidae (5) Macromiidae (3)
Libellulidae (9) Aeshnidae (3) Coenagrionidae (9)
Gomphidae (1) Lestidae (9) Corduliidae (3) _
Pteronarcidae (0) Taeniopterygidae (2) 6 Nemouridae (2) Leuctridae (0) ’
Perlidae (1) Perlodidae (2) Chloroperlidae (1) Capniidae (1)
Macroveliidae () Gerridae () Nepidae () ’
Veliidae () Belastomatidae () Corixidae ()
galoptera Neuropter:
| Sialidae (4) Corydalidae (1) | Sisyridae ()
Trichoptera
Philopotamidae (3) Psychomyiidae (2) Polycentropodidae (6) Hydropsychidae (4) ¢
Rhyacophilidae (0) Glossosomatidae (0) Hydroptilidae (4) __ ! Phryganeidae (4)
Brachycentridae (1) Lepit idae (1) Limnephilidae (4) Sericostomatidae (3)
Odontoceridae (0) Molannidae (6) Helicopsychidae (3) Leptoceridae (4)
Lepids 2
| Pyralidae (5) |
Coleoptera
| Gyrinidae () Dytiscidae () Psephenidac (4) Elmidae 4)_5 ‘
Haliplidae () Hydrophilidae () Dryopidae (5)
Diptera
Blephariceridae (0) Chironomidae (other) (6) ! 9 Ceratopagonidae (6) Athericidae (2)
Chironomidag (red) (8) Empididae (6) _3 4 Tabanidae (6) Muscidae (6)
Dotichopodidae (4) Psychodidae (10) Ephydridae (6)
Tipulidae (3) Syrphidae (10) Simuliidae (6)
Other Arthopod:
Acari (4) 20 Gammaridae (4) Astacidae (6)
Asellidae (8) __ 2. Talitridae (8)
Mollusca
G pod
Ferrissia (6) Lymnaea (6) ‘? Bithynia (8) Physa (8) ‘
Helisoma (6) Amnicola (8) Gyraulus (8)
L3 P
| Sphaeriidae (8) __/ Corbicula () _ |
Platyhelminth Annelida Hirudinea.
| Turbellaria (4) Oligochagta () 359 Tubificidae () | Helobdella (10) \
Other Families / C
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Arthropoda
Insecta
E| optera
Siphlonuridae (7) Tricorythidae (4) __| Polymitarcyidae (2) Leptophlebiidae (2)
Ephemerellidae (1) Ephemeridae (4) Oligonuridae (2) .
Potamanthidae (4) Baetidae (4) Baetiscidae (3)
Metropodidae (2) Caenidae (7) Heptageniidae (4) __&
Odonata
Cordulegastridae (3) Calopterygidae (5) Macromiidae (3)
’ Libellulidae (9) Aeshnidae (3) Coenagrionidae (9)
Gomphidae (1) Lestidae (9) Corduliidae (3)
Plecoptera
Pteronarcidae (0) Taeniopterygidae (2) ‘71 Nemouridae (2) Leuctridae (0) J
Perlidae (1) Perlodidae (2) Chloroperlidae (1) Capniidae (1)
Macroveliidae () Gerridae () Nepidae () ‘
Veliidae () Belastomatidae () Corixidae ()
Megal a Neuropter:
| Sialidae (4) Corydalidae (1) | Sisyridae ()
Trichoptera,
Philopotamidae (3) Psychomyiidae (2) Polycentropodidae (6) Hydropsychidae (4)
Rhyacophilidae (0) Glossosomatidae (0) Hydroptilidae (4) ) Phryganeidae (4)
Brachycentridae (1) Lepidostomatidae (1) Limnephilidae (4) Sericostomatidae (3)
Odontoceridae (0) Molannidae (6) Helicopsychidae (3) Leptoceridae (4)
Lepidoptera ===
| Pyralidae (5) |
Col a
‘ Gyrinidae () Dytiscidae () Psephenidae (4) Elmidae (4) {3 }
Haliplidae () Hydrophilidae () Dryopidae (5)
Diptera
Blephariceridae (0) Chironomidae (other) (6) 22 Ceratopagonidac (6) Athericidae (2)
Chironomidae (red) (8) Empididae (6) _4 2 Tabanidae (6) Muscidae (6)
Dolichopodidae (4) Psychodidae (10) Ephydridae (6)
Tipulidae (3) Syrphidae (10) Simuliidae (6)
Other Arthopod:
: Acari (@) _16 Gammaridae (4) Astacidae (6) __|
Asellidae (8) Talitridae (8) ‘
Mollusca
Gastropoda-
Ferrissia (6) Lymnaea (6) 2 Bithynia (8) Physa (8) ‘
Helisoma (6) Amnicola (8) Gyraulus (8)
Sphaeriidae (8) Corbicula () _ 2= ] [
Platyhelminth Annelida Hirudinea
| Turbellaria (4) | . Oligochaeta () 133 Tubificidae () Helobdetla (10) . |
Other Families / C. :
fo vials
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Arthropoda
Insecta
Eph optera
Siphlonuridae (7) Tricorythidae (4) g Polymitarcyidae (2) Leptophlebiidae (2)
Ephemerellidae (1) Ephemeridae (4) Oligonuridae (2) .
Potamanthidae (4) Baetidae (4) Baetiscidae (3)
Metropodidae (2) Caenidae (7) _ 2. Heptageniidae (4)
Odonata
Cordulegastridae (3) Calopterygidae (5) Macromiidae (3)
Libellulidae (9) Aeshnidae (3) Coenagrionidac (9)
Gomphidae (1) Lestidae (9) Corduliidae (3)
J Pteronarcidae (0) Taeniopterygidae (2) 3 Nemouridae (2) Leuctridae (0) l
Perlidae (1) Perlodidae (2) Chioroperlidae (1) Capniidae (1)
Hemiptera
Macroveliidae () Gerridae () Nepidae () '
Veliidae () Belastomatidae () Corixidae ()
M a Neuroptera-
| Sialidae (4) __- Corydalidae (1) | Sisyridae () l
Trichoptera
Philopotamidae (3) Psychomyiidae (2) Polycentropodidae (6) Hydropsychidae (4)
Rhyacophilidae (0) Glossosomatidae (0) Hydroptilidae (4) _§ Phryganeidae (4)
Brachycentridae (1) Lepidostomatidae (1) Limnephilidae (4) Sericostomatidae (3)
Odontoceridae (0) Molannidae (6) Helicopsychidae (3) Leptoceridae (4)
Lepidoptera
| Pyralidae (5) I
Col a - =
l Gyrinidae () Dytiscidae () Psephenidae (4) Elmidae ) _1S ]
Haliplidae () Hydrophilidae () Dryopidae (5)
Diptera
Blephariceridae (0) Chironomidae (other) (6) 22 Ceratopagonidae (6) Athericidae (2)
Chironomidae (red) (8) Empididae (6) _2. & Tabanidae (6) Muscidae (6)
Dolichopodidae (4) Psychodidae (10) Ephydridae (6)
Tipulidae (3) __/ Syrphidae (10) Simuliidae (6)
Other Arthopod:
Acari(d) 24 Gammaridae (4) Astacidze (6)
| Asellidac (8) 2. Talitridae (8)
Mollusca
Gastrop
' Ferrissia (6) Lymnaea (6) e Bithynia (8) Physa (8) ‘
Helisoma (6) Amnicola (8) Gyraulus (8) .
Pelecypoda
. Sphaeriidae (8) | Corbicula () \
Platy i Annelida Hirudinea
| Turbellaria (4) __{ | Oligochaeta () /£ % Tubificidae ( ) ' Helobdella (10) |
Other Families / C:

Total:Z?q # Taxa: /61 EPT:
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Arthropoda
Insecta
Ephemeroptera
Siphlonuridae (7) Tricorythidae (4) z Polymitarcyidae (2) Leptophlebiidae (2)
Ephemerellidae (1) Ephemeridae (4) Oligonuridae (2) _3 .
Potamanthidae (4) Baetidae (4) Bastiscidae (3)
Metropodidae (2) Caenidae (7) _| Heptageniidae (4) _2
Odonata
Cordulegastridae (3) Calopterygidae (5) Macromiidae (3)
l Libellulidae (9) Aeshnidae (3) Coenagrionidae (9)
Gomphidae (1) Lestidae (9) Corduliidae (3)
Plecoptera
Pteronarcidae (0) Taeniopterygidae (2) ? Nemouridae (2) Leuctridae (0) ‘
Perlidae (1) Perlodidae (2) Chloropertidae (1) Capniidae (1) _
Hemiptera
Macroveliidac () Gerridae () Nepidac () ‘
Veliidae () Belastomatidae () Corixidae ()
ptera Neuropter
| Sialidae (4) Corydalidae (1) Sisyridae () |
Tri r
Philopotamidae (3) _2. Psychomyiidae (2) Polycentropodidae (6) Hydropsychidae (4)_2 5
Rhyacophilidae (0) Glossosomatidae (0) Hydroptilidae (4) _/ & Phryganeidae (4)
Brachycentridae (1) Lepidostomatidae (1) Limnephilidae (4) Sericostomatidae (3)
Odontoceridae (0) Molannidae (6) Helicopsychidae (3) Leptoceridae (4)
Lepidoptera —_—
| Pyralidae (5) [
Col a
| Gyrinidae () Dytiscidae () Psephenidae (4) Elmidae (4) * |
Haliplidae () Hydrophilidae () Dryopidae (5)
Diptera -
Blephariceridae (0) Chironomidag (other) (6) 76 Ceratopagonidae (6) Athericidae (2)
Chironomidae (red) (8) Empididae (6) Tabanidae (6) Muscidae (6)
Dolichopodidae (4) Psychodidae (10) Ephydridae (6)
Tipulidae (3) Syrphidae (10) Simuliidae (6)
Other Arthopod:
Acari (4)_I 4 Gammaridae (4) Astacidae (6)
Asellidae (8) Talitridae (8)
Mollusca
Gastropod:
, Ferrissia (6) Lymnaea (6) Bithynia (8) Physa (8) ‘
Helisoma (6) Amnicola (8) Gyraulus (8)
Pelecypoda
[ Sphaeriidac (8) __| Corbicuta () |
Platy i Annelida Hirudinea
| Turbellaria (4) Oligochaeta ()_3 | Tubificidae () ‘ Helobdella (10) |
Other Families / C
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Arthropoda
Insecta
Ephi optera
Siphlonuridae (7) Tricorythidae (4) 3 Polymitarcyidae (2) Leptophlebiidae (2)
Ephemerellidae (1) Ephemeridae (4) Oligonuridae (2) .
Potamanthidae (4) Baetidae (4) Baetiscidae (3)
Metropodidae (2) Caenidae (7) Heptageniidae (4)
Odonata
Cordulegastridae (3) Calopterygidae (5) Macromiidae (3)
Libellulidae (9) Aeshnidae (3) Coenagrionidae (9)
Gomphidag (1) Lestidae (9) Corduliidae (3)
! Pteronarcidae (0) Taeniopterygidae (2) ? Nemouridae (2) Leuctridae (0)
Perlidae (1) Perlodidae (2) Chloroperiidae (1) Capniidae (1)
I Macroveliidae ( ) Gerridae () Nepidae ()
Veliidae () Belastomatidae () Corixidae ()
Megal a Neuropte
| Sialidae (4) Corydalidae (1) l Sisyridae ()
Trich 2
Philopotamidae (3) Z. Psychomyiidae (2) Polycentropodidae (6) Hydropsychidae (4) 12
Rhyacophilidae (0) Glossosomatidae (0} Hydroptilidae (4) [ & Phryganeidae (4)
Brachycentridae (1) Lepidostomatidae (1) Limnephilidae (4) Sericostomatidae (3)
Odontoceridae (0) Molannidae (6) Helicopsychidae (3) Leptoceridae (4)
Lepidoptera
Pyralidae (5)
Coleoptera
l Gyrinidae () Dytiscidae () Psephenidae (4) Elmidae (4) 7
Haliplidae () Hydrophilidae () Dryopidae (5)
Dipter:
Blephariceridae (0) Chironomidae (other) (6) 3 { Ceratopagonidae (6) Athericidae (2)
Chironomidzae (red) (8) Empididae (6) i . Tabanidae (6) Mauscidae (6)
Dolichopodidae (4) Psychodidae (10) Ephydridae (6)
Tipulidae (3) Syrphidae (10) Simuliidae (6)
Other Arthopod:
Acari (@) _[O Gammaridae (4) Astacidae (6)
| Asellidae (8) Talitridae (8)
Mollusca
Gastropoda-
‘ Ferrissia (6) Lymnaea (6) Bittrynia (8) Physa (8) ‘
Helisoma (6) Amnicola (8) Gyraulus (8)
Pelecypoda
| Sphaeriidae (8) Corbicula ()
Platy i Annelida Hirudinea
Turbellaria (4) ’ Oligochaeta () g Tubificidae () Helobdella (10) I
Other Families / C: :
/V'amq?)'a mawfof’lk / gvfﬁ{"
fcg /5'/?5
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Total: /‘/0 #Taxg: !! EPT: 40 EPT/Chir: )o“f'; HBIL: 4?[3 i

2



Sample #: AAG (Id) Site: &74@" 0; Location: :'Lﬁ;ﬂ‘ﬁﬁ‘ é//
Lake Hart}

‘Benthic Macroinvertebrate Bench Sheet

Family Level Taxonomy (Phase I)

2353 Yeager Rd. Ste. 11 » West Lafayette, IN 47906-1827 « Phone (317) 497-4398

Arthropoda
Insecta
Eph optera
Siphlonuridae (7) Tricorythidae (4) { Polymitarcyidae (2) Leptophiebiidae (2)
Ephemereilidae (1) Ephemeridae (4) Oligonuridae (2) .
Potamanthidae (4) Baetidae (4) Baetiscidae (3)
Metropodidae (2) Caenidae (7) Heptageniidae (4)
Odonata
Cordulegastridae (3) Calopterygidae (5) Macromiidae (3)
’ Libellulidae (9) Aeshnidae (3) Coenagrionidae (9)
Gomphidae (1) Lestidae (9) Cordulitdae (3)
Plecoptera
| Pteronarcidae (0) Taentopterygidae (2) é Nemouridae (2) Leuctridae (0) |
Perlidae (1) Perlodidae (2) Chloroperlidae (1) __/ Capniidae (1)
j Macroveliidae () Gerridae () Nepidae () ’
Veliidae () Belastomatidae () Corixidae ()
M ptera Neuropter:
| Sialidae (4) Corydalidae (1) | Sisyridae ()}
Trichoptera
Philopotamidae (3) T+ Psychomyiidae (2) Polycentropodidae (6) ___/ Hydropsychidae (4) 4
Rhyacophilidae (0) Glossosomatidae (0) Hydroptilidae (4) E Phryganeidae (4)
Brachycentridae (1) Lepidostomatidae (1) Limnephilidae (4) Sericostomatidae (3)
Odontoceridae (0} Molannidae (6} Helicopsychidae (3) Leptoceridae (4)
Lepidoptera |
| Pyralidae (5)
Col a
| Gyrinidae () Dytiscidae () Psephenidae (4) Elmidae (4) z ‘
Haliplidae () Hydrophilidae () Dryopidae (5)
Diptera-
Blephariceridae (0) Chironomidae (other) (6) (1L t Ceratopagonidag (6) Athericidae (2)
Chironomidae (red) (8) Empididae (6) Tabanidae (6) Muscidae (6)
Dolichopodidae (4) Psychodidae (10) Ephydridae (6)
Tipulidae (3) Syrphidae (10) Simuliidae (6) __/
Other Arthopod:
Acari (4)_2 Gammaridac (4) Astacidae (6)
Asellidae (8) Talitridae (8)
Mollusca
Gastropoda-
] Ferrissia (6) Lymnaea (6) Bithynia (8) Physa (8) ‘
Helisoma (6) Amnicola (8) Gyraulus (8)
Pelecypoda - - I
. | Sphaeriidae (8) Corbicula () i
Platyhelminth Annelida Hirudinea
4 Turbellaria (4) ] Oligochaeta () __2 Tubificidae () | Helobdella (10) |
Other Families / Ci s
o > I Lot -/
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. Arthropoda
Insecta
Eph optera
Siphlonuridae (7) Tricorythidac (4) ‘ i Polymitarcyidae (2) Leptophlebiidae (2)
Ephemerellidae (1) Ephemeridae (4) Oligonuridae (2) .
Potamanthidae (4) Baetidae (4) Baetiscidae (3)
Metropodidae (2) Caenidae (7) Heptageniidae (4) __/
Odonata
Cordulegastridae (3) Calopterygidae (5) __} Macromiidae (3)
} Libellulidae (9) Aeshnidae (3) Coenagrionidae (9)
Gomphidae (1) Lestidae (9) Corduliidae (3)
Plecoptera
J Pteronarcidae (0) Taeniopterygidae (2) 3 Nemouridae (2) Leuctridae (0) ’
Perlidae (1) Perlodidae (2) Chloroperlidae (1) __ 1 Capniidae (1)
E ptera
’ Macroveliidae () Gerridae () Nepidae () ‘
Veliidae () Belastomatidae () Corixidae ()
Megaloptera Neuropte:
| Sialidae (4) Corydalidae (1) ] Sisyridae ()
Tri A
Philopotamidae (3) __[2 Psychomyiidae (2) Polycentropodidae (6) Hydropsychidae (4) __/ é
Rhyacophilidae (0) Glossosomatidae (0) Hydroptilidae (4) _Z2 Phryganeidae (4)
Brachycentridae (1) Lepidostomatidae (1) Limnephilidae (4) __9 Sericostomatidae (3)
Odontoceridae (0) Molannidae (6) Helicopsychidae (3) Leptoceridae (4)
Lepidoptera
| Pyralidae (5) ’
Coleoptera
Gyrinidae () ___ Dytiscidae () ___ Psephenidac (4) __ Eimidae (4) _[1‘_ ‘
I Haliplidae (} _____ Hydrophilidae () Dryopidae (5) ___
Dipter:
Blephariceridac (0) _____ Chironomidac (other) (6) % 7~ Ceratopagonidae (6) __/ Athericidae 2)
Chironomidae (red) (8) _____ Empididae (6) _ 2.5 Tabanidae (6) _ Muscidae (6)
Dolichopodidae (4) _____ Psychodidae (10) ___ Ephydridae (6) _
Tipulidae 3) ______ Syrphidae (10) Simuliidae (6) _/ 7
Other Arthopod
Acari (4) L Gammaridae (4) Astacidae (6) __ -
Asellidae (8) Talitridae (8)
Mollusca
Gastropoda
I Ferrissia (6) Lymnaea (6) Bithynia (8) - Physa (8) ‘
Helisoma (6) Amnicola (8) Gyraulus (8)
Pelecypoda
| Sphaeriidae (8) _Z- Corbicula () _Z- . |
Platyl inthes Annelida Hirudinea
| Turbellaria (4) Oligochaeta () 2.2 Tubificidae () - —I Helobdella (10) |
Other Families / C :
l-;mn;LA.' p[-e ((a/:,cr/m) / /O Vl‘ﬁ/f

/ )’iu-‘f&/yf

. Al
tow: 232 #1ow ! 7 mpr 98 eemene LF19 mmr 439 signature )/%*{// 139498




INDIANA DEPARTMENT OF ENVIRONMENTAL MANAGEMENT
OWM-BIOLOGICAL MONITORING
RAPID BIOASSESSMENT PROTOCOL III
MACROIVERTEBRATE COLLECTIONS
SITE INFORMATION

coection oares (0 18 1 Gl s sawre sk FHOIERO S REUICHIEr (mnm.sné*h
. CP;M?'[O/?Z ol -

. ; ) ' ) e C. -, -
WATERBODY: /) HG\ CLL—J(‘ Locanoﬁ 24w RJ
contys____\ A4 2} e ECOREGION: L? (J/ seoment:_FS] 1A wATURAL REGION CoDE: [ B
LATITUDE: 334 AR 7‘3 wousttoe:_ K 7 / 4 / (O HYDROLOGIC upm:: 051201 i\

n % )h;‘_ -~
. -, o q
GRADIENT: H "ar MEPPRSTKTTORETER  DRAINAGE AREA: SQUARE_KILOMETERS TOPO MAP:__: %
HABITAT ASSESSMENT (Y or N)?: . # JARS PER SAMPLE: & 1‘
i _— —
NOTES:

Lote Cladopherr —me




JO{ER

DDIANA DEPARTMENT OF ENVIRONMENTAL MANAGEMENT
RAPID BIOASSESMENT DATA FI=D SHEET

Materbody teme ey [ aoade LocarionC.R 24 L fé’/ ‘ Reach/Mle Point

Latitide/Iongi fda Cny & Vico State IN . Zooregion T ————
Station Nember Investigators S4n) SAk) e Late CCT |1

Tie = dgency DS ‘iydralogic Unit Coda Fora Completad By $FAs

Notes

Physical Characreristics/tater Ouality Field Sheets

RIPARTAN ZOHE/INSTREAM FFATURE: E

k@mﬁm@ Tand Use: :
FIELD/PASTURE  AGRIQLL ! RESIDEITAL CQDERCTAL INDUSIRIAL OTHER
Watershed Frosion: NONE

g HEAVY
Local tatershed NPS Pallution: N EVIDEGCE SOBEETIS, SOURCES OBVIOUS SOURCES
Estimated Stremm Widths S? m  Estimced Swem Depth:  Riffle . w Rm .2 @ Bool 5, o
Estimted Distance Between Riffles . Esticated Distance Between Barxds

m
High %ater Mark 3 p Velocity ... D Present: YES (D)) Camelization @& M0
Caropy Cover: OPEN  PARTIY OPEN  (PARTLY SEOED  Siarep

SEDDENT/SUBSTRATE: .

Sedicent (dors: R SEWAGE  PEIROLELNM GIEMICAL  AMAFROBIC NOAE OTHER.

Sedimerz Ofls: ABS; SLIGHT  MODERATE QEUSE

Sedirent Depositss: SIIDGE  SAWDUST PAPER FIBER RELICT OTHER
Areﬂnuﬂersidesofstomswhid'zarenotdmplyembajdedhla&: ng

DIRGANIC SUBSTRATE CQPONENTS CPGANIC SUBSTRATE CQPOENTS Y
Substrate Tvpe Diameter Percent Comp. in Area Sam, Substrata Type Characteristdces Percent Cop. in Area
Bedrock O 20% 40% 60Z 80% 1007 Detricg Sticks, Wood 20% 40% 607 80Z 100%
Baulder 10.0 in 40% 60% 80% 100% Caurse Plant -
Cobble 2.5-10 in 40% 60% 80% 100% Material CPM 20% 40% 60% 802@?
Gravel 0.1-2.5 10 20% 40% 603D 1007 Mack/Md Black, Very Fine -
Sand gritny 207 40% 60% 80% 100% Organic FPQM 20% 40% 60% 80% 100% -
St : 20% 40% 60% 80% 100% Marl Grey with Shell
Clay slick 20% 40% 60% 80% 100% Fragoents 20% 40% 60% 80% 100%
WATER QUALTTY i 2
“f ,
~ Temperatire |7 (ﬁ Dissolved Qrygen [(LO e S; S cmdcriviey 007 other
Instruents Used Bid 101 g T2y <

Streem Type: QL: WARMWATER € )

Water dors: SERGE  PEROLELM (HEMICAL NOIE OIHER

Turbidity: SLIGHILY TURBID TURBID OPAQUE

WEATIER  OODITIONS:
PIDTOCRAPH  NIMBERS:

OBSERVATTQN AND/QR. SKETOH:



INDIANA DEPARTMENT OF ENVIRONMENTAL MAAGEYERT
HABITAT ASSESSMENT FIELD DMTA SHEET

ABITAT  PARAMETERS ZXCELLENT GOOD TATK 2R

JOTIOM SUBSTRATE/

AVAITAELE COYER GT 50% 50% - 30% 3z — 0 e 0374
Stable habitat Adequite hahi- Tess e Iasr of habitat

({e rubble,gravel, logs, tat s siioes

underaut banks ete) : . : 2 Bahiiaer .

SCCRE= 20 -16 -1 | W5 5-0
2BEINENESS
GRAVEL, COBELE, AND BOULIER PARTICIES HAVE 7 OF THIER SUREYT: CONTEED: 5% TIXE MRITCISS.
0~25 25%-50% FO-% ower 757
SOCRE= 20 -16 15 -11 };L 1H—4 ) 5-0
FLCW QR VELOCITY/DEPT (a or b)
a: IF FLOW LE 5 cfs: QOLD: GT 2 cfs 2-1 cfs 1T TS cfs
WARM: GT S cfs 52 cfs IT1.0 cfs
a: SOORE= 20 -16 15 -11 5-9
b: IF FLOW GT 5 cfs: -
VELOCITY/DEPTH
1) SLOS/DEEP
2) SOV gHALLOW All present 3 of 4 present 7 af: 4 greseat: Tamizated by
3) FAST/DEEP ' S on2 (le pools)
4) FAST/SRALLOV 2
b: SOORE= 20-16 15-11 / -6 __ 3-1
A
(sla=LT 0.3 w/s; deep=GT 0.5 m) (Select lower score if more rifflanm missing: iien jexds
QIANNEL ALTFRATIQN Little or no Some new increase [dirade dnkssi  Heavy deposites
R enlargement of in bar formtion, thwofnew ey of Fne mterial
islands or point  mostly from course  €f,psunem semtl@n Increased har
tars,and/or o gravel and/or some’ @id: il new famoy;  deweloment; most
charmelization charmelizatica poiks yErti Ty poals filled w/
present £ Tledl /il =71ty and/or ex-
ar enznimeny cr - teosive chamel-
battlt Hamtes. Hzatica.
SCRE= 15-12 11-8 7—% 3-0

BUTTM SCCRDG AND :

DEPOSITIQN Less than 5% of 5%-307% affected. D% @lfearll  Nore than 0%
bottam affected by Scour at constrict- Deesiits amft masprr of the bottom
scouring and ions ard where at cinetmearioes, dhanging nearly
deposition grades steepen. coesricrios anl  year long. Poals

. Sare deposition bemdiz. Same -  almost absent due
in pools. ling af als. o deposition.
Caly large rocks
4n riffle areas.
SOORE= 5-12 -8 Z 7-4% 3-0




HABITAT ASSESSMENT FIZID DATA ST
(contimed)

[

2 POOL/RIFFLE RATTO
®R

b:  RID/B2D-RATTO

RATIO= 5 = 7
Variety of habitat
Deep riffle ad

RATIO= 7 ~ 15 RATIO= 15 - 35
Adequite depth In Ocessicnal =i5fle
pools and riffles or bend. oot

RATIC= GT

S

A sraizhc stream
Flat water or

- poals. Bends provide habi~ contoess ovide shallow riffle
tat. some hehizzc. Poor Habitat.
SCORE= T15-12 1n-3 7-4 3-0
(Distance between a: riffles or b: distance between berds, divided by Stresm Width)
Stahle. No ev- Moderate Stable.  Moderate wmsmhble  Unstahle. Yany
idence of erosion Infrequent, smll Modarzte frequency eroded areas Side
or benk failure, aress of erosica  and size of eros~  slapes GT 60% -

SCRE=

Side slopes gen—
erally IT 30% al
Littls potential
for funire mohlem

10-9

mostly healed over iomal areas. Side

Side slopes up o slopes vp w 0%

40% on ooe bank. on scce bemks

High ercsion pot~ and bends.

in extr flocds  ential during e
a@ tree high flow.

8-6 5-3

caxxon Raw areas

frequent along
straight sections

2-1

BANK VECELAITVE STABILITY

THE STREAMBANK SURFACES COVERED BY

% VEETATION (R BOULDERS AND COBELE.

GT 80% 79% - 507 49% —~ 25% LT 25%
SCRE= 0-9 8-6 2 5-3 2-0
D LUVER
Daminant vegetation Dorminant veg- Dominant vegeta~  Over S0Z of the
is shrub. etation is of tion is gress or  streambank has no
’ tre= fom. forbes. vegetation and
dominant material
' v is soil, rock,
bridge materials,
culverts, or mine
: SORE= 10-9 8 -6 g 5-3 2-0
TOTAL OF COLIM SCORES TOTAL oL §Y o’ TomL TOTAL

HABTTAT ASSESSMENT TOTAL SCRE



.terpoay Hane

Reach/NMilepoinc

(}‘\?f’e_l, (\ S AQ"

24w €)

Zocatzian

lLatizuze/Langticue

County V| ;g Ztate
)

Aquacic

Zcoregion

=2

Stacion Mumber

ouee [PCeT Y

Time

Agency

Hygrologic UYnit Caca

laveszizictocs 5’9"\) S#ﬁj

Fora Conmplacad 2y _E-'\J

Bpason for Suzvey
Rapid Bioassessment Pratocoi {11
Ziosurvev
RELATIVE A
S— s s O . imes Qoo
Filamertous Aigze 3 1 : 3 @ Macromvernizrazes q 1 - 2 .
Macaonves @ i H 3 1 Fisn ] T @ 3 N
0= Aownisisoi Cosarvea 1 = Rsre 2« Czmmon 3 = Adunaant 4 = Comname
MACASIENTHCS SUAUTATIVE SAMPLE LIST Unarcate Avative Aturcance 2 = Aure. C = Camman, A * aduadiat, 2 = 0arvaann -
Parters Anisaoters Chitonomiaze A
Hvoreses Zvgootery Sterzotera
Plrenumincies. Hemiotars Sznemerostiry D
’ Turcutama ‘Calecoters ﬁ Tressetera &
- - +
Hiuaines Lezidaorers Qe
Ofisoentery Sialicae
hosoca Carvenidae
Amoniooca Tioutie <
Oecaooca R Emoiaiaae
Ganresoca Simusndae -
Bivarvia D Tininaze
Culiaidie
Rre <3 Cammon 3 =9 Abynzant > 10 CSameant > 2016

CPCMSAMPLE  FUNCTICNAL FESDING GROUPS

(1nccate NO. of I sums Arorvernorg Groual

Shreacens

| Towt Grg. 1n Samore

Cbesrvanons

’ AT
Lots {aptreaia

-

) .}ﬁ')"-:\_LL: j L



hte EPA Site Descrintion Shsat - Els o H RE: 2
Onle EPA Slte Dese Q;z Em < ) QHEI SCORE: /

 Siream OtenCaer eq 19 Fm Date}¥C ™A1 River coes

-Location (R 24 PR ([ oD L= Craw__Zg¥As Tphely

1] SUBSTRATE (Check ONLYTwo Substrate TYPE BOXES+-Eheck ail types present);

IYeE . POOL RIFFLE POCL RIFFLE SUBSTRATE QUALTY SUBSTRATZES ORE&@
QQ-BLDER/SLABS[10]____ QQ.GRAVEL[T} o~ «  Substrate Otlin (Check aif Silt Cover (Chinek Ona)

/ QQ-BOULDER [9] @AsSAND (5] v o Q-LIMESTONE (113-RIF/AAP [0] Q-SILT HEAVY {-2] B7SILT MODERATE [

./ Qm<CCcesLE (g] v tr_ Q0Q-8EDROCKIS] __ wrfisy Q-HARDPANC] 2- SILTNORMAL (0} Q- SILT FREE (1]
’ QQ-HARDPAN (4} —— _QQODETRITUS[3L " 3SANDSTONE (0] Embeddne h \
QQ-MUCK (2] o QQARTIACIO __ OSHALE[q] Q—EXTENSIVE {-2]G=VODERATE!-
TOTAL NUMBER CF SUBSTRATE TYFES: 3> ¢ (2} W— <= 4 [0] O-COAL FINES [-2] O—LOW0} Q—NONE[1]
NOTE: (Ignora sludgs that ariginates from point-scurcas; score is based on natural substratss) h
CCMMENTS i : s
. : : COVER score: ‘U5
2] INSTREAM COVER AMOUNT(Check ONLY One or
. TYPE (Check AliThat Apply) . check 2 and AVERAGE)
;'@ UNDERCUT BANKS (1] GQ7DEZP POCLS (2] T -OXBOWS 1 Q- EXTENSIVE > 75% (1]
\1' {Q:OVERHANGING VEGETATION 1] FTROCTWADS [1] Q-ACUATIC MACROPHYTES [1] G*MODERATE 25-75% [7]
Q-SHALLCWS (IN SLOW WATER) [1] Q-BCULDERS (1] QACGS OR WOCDY DESRIS [1]Q - SPARSE 5-25% [3]
Q- NEARLY ABSENT < 5%{1]
CCMMENTS: .
-
3] CHANNEL MORPHOLOGY: (Check ONLY One PER Category OR check 2 and AVERAGE) CHANNEL: ] /%

SINUQSITY QEVELOPMENT * CHANNE!LIZATION  STABILTY MODIFCATIONS/QTHER

Q- HIGH [4] Q- EXCELLENT {7] Q- NONE [§] Q- HIGH (3] Q- SNAGGING Q - IMPOUND.

L~MODERATE [3] @~GOOD (5] Q- RECOVERED [4] &~MODERATE [2] O - RELCCATICN Q - ISLANDS

\ a-Lew 2 Q- FAIR (3] @~HECOVERING (3] Q- LOW {1} @<TANCPY REMOVAL Q - LEVEZD
Q- NCNE (1] Q- POOR (1] Q- RECENT ORNOC Q- DREDGING Q - BANK SHAPING
RECCVERY [1] Q- ONE SIDE CHANNEL MODIFICATIONS
CCMMENTS: :
4] RIPARIAN ZONE AND BANK EROSION - (check ONE box per bank or check 2 and AVERAGE per bank) RIPARIAN:LI ?j
*River Right Looking Downstream* : :

BIPARIAN WIQTH EROS'CNRUNQFEFE - F1.COD PLAIN QUALITY BANK £30QSICN

L B (Per Bank) L B (Mast Predominant Per Bank) L R (Per Bank)

“WIDE>S50m (4] - £8T, SWAMP [3] QO0-URBAN CR INDUSTRIAL[0] O Q-NCNE OR LITTLE (3]

QQ-MODERATE 10-50(3]  QQ-OPEN PASTURE/ ROWCACP[0] O3-SHRUB OR OLD FIELD(2] @ E&-MODEIATE 2]

.. QO -NARRCW 5-10m [2] QQO- RESID.,PARK,NEW FIELD [1]  QO-CONSERV. TILLAGE [1] Q Q-HEAVY OR SEVERE[1]
V QO .VEAY NARROW 1-5m [1] 3Q-FENCED PASTURE {1 QC-MINING/CONSTRUCTION [0]

QQ'-NONE[0] : . . .
CCMMENTS: ! . S L
POOU/GLIDE AND RIFFLE/RUN QUALITY POOL: l
MAYX DESTH (Check 1) [l Y POQUARUN/RIFTT S CURRENT VEIL CCITY
23im(6] (Check 1) (Check All That Apply)

o Go7mpe] QPCCL WIDTH > RIFFLE WIDTH (2] Q'-TORRENTIAU-1] O -EDDIES[1] e
| 0-0.4-0.7m (2] Q-POOL WIDTH = RIFFLE WIDTH [1] Q'-FAST]1] Q"-INTERSTITIAL[-1] @ NG PCOL[0]]

V g <oem 1 Q-POCL WIDTH < RIFFLE W. [q] @ MODERATE (1]  Q-INTERMITTENT[-2] -0
0—<0.2m [Pool = 0] Q"-SLOW {1]

CCMMENTS: ,
) 5 . RIFFLE:" I EE
| EIES1 S/RUN DEDTH BIFSL S/RUN SUBSTRATE BIFFLE/RUN EMBEDDEDNESS

Q- GENERALLY >10 cm,MAX>50 [4] : LSTABLE (e.g.,Cobble, Boulder) [2] Q-EXTENSIVE [-1] 2*MCDERATE[0]

- . WTGENERALLY >10 cmMAX<50 [3} ®TioD. STABLE (8.g.,Pea Graval) [1] Q-Low. (1] O-NONE[2] e
Q- GENERALLY 5-10cm 1] Q-UNSTABLE (Gravsl,Sand) (0] [S-NGAIFFLEC
Q- GENERALLY < 5 cm [Riffle = 0] W .
CCMMENTS GRADIENT: V| JD 1

/’
6] Gradient (feet/mile): *‘“’2@7 /‘ %POOL:, 5 7 *%RIFFLE: / ‘-,.auN:ﬂ__
e
) vfi; fq‘%p\

)

EPA 4520



s Reach Reprasantative of Stream? (YAN)
Additional Comments/Pailution Impac.s:

If Not

GEAR  CISTANC WATER CLARTY WATER STAGE —
FIRST PASS - ¢l Q
SECCND PASS SUBJECTIVE  AESTHETIC
THIRD PASS R{:TING ﬂATlg;E
: -10) (1-1
CANQPY (%OPEN) -&'dh_~ GRADIENT: 3-4LOW %DERATE O-HIGH PHOTOS: _ 72
STREAM MEASUREMENTS: AveRaGEWIDTH: | |-7  AVERAGEDEPTH:__ o 2 MAX.DEPTH =1
POCLGLORIFAUN

CEFTHSD

LENGTH WIDTH

CROSS-SECTICNS OF STREAM
DRAWING OF STREAM
/] et M ::V
i' .l! = ’ \\_z R
oS m—
T RS S
L i N ®
H ,’:’_,,.--—-..‘ =
J/ \\\
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INDIANA DEPARTMENT OF ENVIRONMENTAL MAWASEMINT

N
. OLM-BIOLOGICAL MONITORING
RAPID BIOASSESSMENT PROTOCOL 111
MACROIVERTEBRATE COLLECTICRS
SITE INFORMATION
- cotecrion oate: 10 4 18, 9] ais sawpLe #:xack 111019203 e R Sy=_ SAN

w020 -

: 2 N 2
COUNTY: \l\ %lb . ECOREGION: 70& M SEGMENT:: ‘t 1WA NAHTURAL. REGIOM (EREE: Qb

AT A A
writoe:_39 r 3V, 2T Lonerruoe: an ; 22, lﬁ umxuu_cmc.umm‘:z_lzJ Lol

M= /e F Ha
GRADIENT: e TER DRAINAGE AREA: SQUYRE: 171 IHET JFRS TOPD) MARY: . M
@ T | METERS/KITOMETER o SQUYRE K INET RS P AL S

HABITAT ASSESSMENT (Y or N)?: ! # JARS PER SAMPLE: _?
NOTES:

1 L

U _ Lfl e

T =Y



I\DIANA  DEPARDMENT OF ENVIRONMENTAL, MANAGEMENT

RAPID BIOASSESMENT AT
Location Dt inere ¢ ¢/

FI=D

Materbody e Ote, 0, . L

SHEET
Reach/}1e point

- . -
State IN uq. Zcoregion

Date )% oer 91

Latitde/Iongi bide Comty \Ji e
Sation Nmber Investigators =~ Swin . )
T Agency IDRM Hydralogic Unit Coda )

Fora Compleres By Sk )

Notes

Physical Chamacteristics/iater Quality Fleld Sheets

RIPARTAN ZO'E/INSTRFAM FEATURE:
Predominant Surrounding Tand Use:

FREST  FIELD/PASTURE  AGRICULTURAL @@ CQSERCIAL DIUSIRIAL ONER
Local latershed Erosion: NNE  CIpEE i
Local Watershed NS Pollution: Mg, EyIDRWCE TTTAL SOURCES OBVIOUS SOLRCES
Estimated Stream Width: /‘/,Eiff_ﬂzgm Estimated Steen Depth: “Riffle .o Ch Rm .2 g Poal T/, w
Estimted Distance Betueen RifFide o @ Estiraced Distance Betveen Bds ee m
High %ater vark n Veldcity Dem Presenc:  YES ) Charmelizarion @ W
Canopy Cover: OPEN  PARTLY OPEY  PARELY SHADED SHATFD
SENDENT/SUBSTRATE: .
Sedirent (Hors: SHUGE  PEROLEM QIEMCAL ANMRBIC NOE OTHER
Sedimenr Ofls: SLIGHI MODERATE  PROFUSE

Sediment Deposits: SUDGE  SAWDUST papm FBR @D
Are the undersides of stones which are not deeply embedded hlack:

RELICT SEIS OTHRR
S (10 )

—— .

-

DIRGANIC SUBSTRATE CQHPONENTS "CRGANIC SUBSTRATE CQOQENTS
Substrate Tvpe Dizmeter Percent Comp. in Area S=m. Substrats Type Qharacteristes Percent Com. in Area
“Arock = 207 40% 60% 80% 100% Decias Stics, Wood 207 40% 607 80Z 100%
Boulder 10.0 in  20% 40% 60% 807 1007 Course Plant
Cobhle 2.510 1n  €ID40Z 60% 80 1007 Material CRQM 20% 40% 60% 80Z TR
Gravel 0.1-2.5 in 207 40% 60% (G0 1007 Mack/Mod Black, Very Fine =
Sand gritty 207 407 60% 80% 100 Organic FPQM 20 40% 60% 80% 100%
Silt 202 40% 607 80% 100% Marl * Grey with Shell
Clay slick 20% 40% 607 80% 100 Fragoents  20% 40% 60% 807 100%
2.0~
WTR_omurty Y QA - L'[ C
Tegperature | /i Dissolved Qrygen XL H i Coocuctivity loﬂ Cther
Instmirents Used oo Tad . 2a
Stroam Type: COLDATIR (el ATER -
Hheer Oors: SR SERGE PROLAM GIBOCAL NoE OTHER
Turhidity: TURBID OPAQUE

CEAR}  SLIGHILY TURBID
m{m S "

WEATHER - CONDITIONS:
RDTORAP  NABERS:

OBSIRVATTQN AND/@R SCETH:




HAB[TAT PARAMEIERS ZCIENT GOOD FATR

2R,
S0TTOM
AVAITAITE QOYER GT 30% 50% - 30% 30% - 10% s M
. Stable habitat Adequite habi- Less than " Lazz of habitat
(le rubble,gravel logs, tat o desireable obvicus
udercut banks ete) habitar
SORE= 20 -15 5-11 -6 (O 5-0
EBENNEINESS
GRAVEL, COBELE, AND BOULIFR PARTTCLES HAVE % OF THIFR SURFACE COVERED BY FINE PARTICTES.
0-25% 257%-~30% S50%-75% . over 757
SRE= 20 -15 1511 0-6 [0 5-0
L&Y QX VELOCTTY/DERTH (2 or B) ]
a2 IF FLOW IE 5 cfs: QLD:  GT 2 cofs 2-1 cfs 1-0.5 cfs LT 0.5 cfs
WRM:  GT 5 cofs 52 cfs 2-1 cfs LT 1.0 ¢5s
a: SRE= 20 -16 15 -1 10-6 5-0
b: FRAMNGTS cfs:
VELOCITY/DEPTH
1) SLOw/Derp
2) SOV g ALLow All present 3 of 4 present 2 of 4 present Dazinated by
3) FAST/DERP by ore (1e poals)
4) FAST/SHALLOW
b: SORE= 20-16 5-1 [l -6 5-1
— Y
low=IT 0.3 o/s; deep<GT 0.5 m) (Select lower score if wre riffle/nn missing tha poals

ANNEL ALTFRATTQN Little or no Some new increass Mxderate deposi- Heavy deposites

, enlargerent of in tar formation, tion of new grav-  of fire matarial
islands or point mwstly from course el,course sard on Increased bar
tars,and/or o gravel and/or some’ old and new bars; develoment; most

ization chamelization Pools partially poals filled w/
Present filled w/siit;and/ silt; and/or ex—
or embankments o tenaive chammel~
. both banks, 1zatien.
SCRE= 1I5-12 11-8 7-4 5 3-0

M scce g AND .

BIIal Less than 57 of  5%-30% affected, 0%-50% affected  More than 302
bottan affected by Scour at constrict~ Deposits ard scour  of the bottom
scouring and ions and where at obstructioans, changing nearly
deposition grades steepen. constrictions and  year long. Poals

. . San2 deposition bends. Seme £11~ almst absent diye
in pools. Ling of pools. to deposition,
Caly large rocks
g in riffle areas,
SORE= 15~-12 11 -8 7-4 2 3-0




HARITAT ASSESSYENT FISID DNT: SiEeT

(contirmed )
a:  POOL/RIFFLE RATIO RATIC= 5 -7 RATIO= 7 - i35 RATTC= 15 - 55 RATIC= GT 25
®R Variety of habitat sdequite certh in  (ceasicnal =iffle Straizit stream
bz RIN/BRND-RATTO ~ Deep riffle ad pools and miilas  or berd. Sorcem Flat vater or
- poals. Bends provides habi-~ contorss ovide shalloy riffle
. tat. soce fahizae, Poor Babitat.
. SQORE= 5-12 -8 g 7-4 3-0

(Distarce bereen a: riffles or B: distance between berds, divided by Sream Width)
AN STARILITY

Stable. No ew- Mxderate Stahle.  Moderare wstable  Uostahle, Many
idence of erosion Infrequent, smil Modarsre frequency ercded areas Sida
or tenk failure.  aress of ercsica and size of eros—  slopes GT 60% -
Side slopes gen— wostly healed over iomal areas. Side ooxaon Raw areas
erally IT 30% al  Side slopes w o slcpes wp.w 8%  frequent along
Little poteatial  40% on coe kerk.  on se banks straight secticns
for fumire mohlen High ercsion pot~  and bends.

In extree flods  enrial during ex—

tree high fdow.
SCRE= 10-9 8-6 7 5-3 2-1

K VEGELATIVE STABITITY

THE STREAMRANK SURFACES COVERED BY % VEEZTATIC! R BOULDRRS AND CCBHLE.
GT 80% 0% - 50% 492 ~ 25% - LT 25%
Same= 10-9 8-6 5-3 _‘ﬁ 2-0
STREAMSIDE COVER 5
Daminant vegetation Daginant veg-  Daminanc vegeta—  Over 502 of the
is shrub. etmtion is of tion is grass or streamhank has po
> tree form. forbes. vegetation and
dominant waterdal
L v is soil, rock,
bridge materials,
culverts, or mine
: SORE= 10-9 8-6 5—34 2-0
. 7}
TOTAL OF QOLIMN SCORES oL - TOTAL & TOTAL ﬁ oL



AM Date_| ¥eeT 9! River Cacs
- Location Ve o B syme s g Craw:_3M75, L84,
1] SUBSTRATE (Check ONLY Two Substrate TYPE BOXES; Check ail types presenn); ( /
IYPE POOL RIFFLE PCCL RIFFLE SUBSTRATE QUALITY SUBSTRATE SCORE:'F
QQ-BLDER /SLASS[10] ____ QRGRAVEL[7] = & Substrate Orlgin (Check alf) Siit Cover (Chack Onay E
QQ-BOULDER (9] v\ @GQ.SAND (5] Y7 7 Q-LIMESTONE (1-RIF/RAP [0] Q-SILT HEAVY (-2]@ETLT MODERAT"

‘ o4 Sit ption Sheet - Fls - HE "]E: [79 L
o PESTe Pesgription St n QHEl SCORE: [[77

'{ Qo-cossLE(s) - ¥ »” Q2-BEDROCK(S] ___pAmis(y) Q-HARDPAN(0] Q- SILT NORMAL (0] Q- SILT FREEZ
\j QQ-HARDPAN (4] ———QOQ0ETRITUSI3L = _ Q-SANDSTCNE(0] Extent Of Embeddness (Check ©
QQ-MUCK (2] . QOARTIFIC[O] _r . O-SHALE[-1]" O—EXTENSIVE {-2] 2=fI0DERA
TOTAL NUMBER CF SUBSTRATE TYPES: @54 [2] G— <= 4 [0] Q-COAL FiNES [-2} Q—LOW[0] Q—NONE{1]
NOTE: {igncra siudga that originates frem paint-sources; scora is based on natural substrates) n
CCMMENTS ] /
- COVER SCORE:
2] INSTREAM COVER AMOUNT({Check ONLY One or
YPE (Check All That Apply) 5 check 2 and AVERAGE)
“G-UNDERCUT BANKS (1] O 0EEP POOLS (2] Q-OXBOWS (1] Q- EXTENSIVE > 75% [11]
v E;Q}/ERHANGING VEGETATION [1] &HOOTWADS [1] Q -AQUATIC MACRCPHYTES (1] @KODERATE 25-75% [7]
-SHALLOWS (IN SLOW WATER) [1] G~gOULDERS (1] @GS CRWOODY DE3RIS (1] Q- SPARSE 5-25% (3]
Q- NEARLY ABSENT < 5%{1]
CCMMENTS:
: . —
3] CHANNEL MORPHOLOGY: (Check ONLY One PER Category OR check 2 and AVERAGE) . CHANNEL: [
SINUOSITY DEVELOPMENT - CHANNELIZATION TABILITY MOQIFCATIONS/QTHESR
Q- HIGH (4] Q- EXCELLENT [7] Q- NONE (6] Q- HIGH (3} Q- SNAGGING Q - IMPOUND.
, D¥MODERATE(3] @- GOOD (5] Q- RECOVERED (4] @TMODERATE[2] T - ARELCCATICN 27ISLANDS
J a-iew (2 @<TAIR 3] &RECCVERING [3] Q- LOW [1] &TANOPY REMOVAL Q - LEVESD
Q- NCNE[1] Q- POOA[1] Q- RECENT ORNO Q- DREDGING LeTTBANK SHAPING
- RECOVERY [1] Q- CNE SIDE CHANNEL MCOIFICATIONS
CCMMENTS: :
/.
4] RIPARIAN ZONE AND BANK EROSION - (check ONE box per bank or check 2 and AVERAGE perbank) . RIPARIAN: E
*River Right Locking Downstream® - :
EIDARIAN win H EHQQTQN]R NQFF - a r‘QQ PLAIN Q”A! ITY 5 BANK 5?g2§1§2§
L R (Per Bank) . L A (Most Predominari Per Bank) L R (Per Bank) , .
QQ"-WIDE>50m (4] < QQ-FCREST, SWAMP [3] - QQ-URBAN CR INDUSTRIAL[0] @ E-NONE CR LITTLE (3]

" ] GO-MODERATE 10-50{3]  QO.OPEN PASTURE/ ROWCROP(0] OC-SHRUB OR OLD FIELD[2]  Q O-MODERATE.[2)

’,
N

v

@WNARRCW 5-10m 2]  eMB-RESID.,PARK,NEW FIELD (1]  QO-CONSERV. TILLAGE {1l Q Q-HEAVY OR SEVERE[1]

QQ"-VERY NARROW 1-5m (1] QQ-FENCED PASTURE [ QC-MINING/CONSTRUCTION [0]
QQ'-NONE[0] : : . .
CCMMENTS: ' I e
POOL/GUDE AND RIFFLE/RUN QUALITY . POOL: E
.%QL_XA‘ STH (Check 1) MospUOLCGY PCQURUN/RIEET & CURRENT VELOCITY
- &>im(g] {Check 1) (Check All That Apply)
Qo7-im(4] - ©&FOCL WIDTH > RIFFLE WIDTH [2] Q'-TORRENTIAL[-1]  Q"-EDDIES(1} e
Q- 0.4-0.7m 2] " Q-POCL WIDTH = RIFFLE WIDTH [1] Q-FAST]1] Q-INTERSTITIAL[-1] @ NOPOOL]
Q <0.2m[1] Q-POCL WIDTH < RIFFLE W. [0] @TIODERATE[1]  Q-INTERMITTENT[-2] -
0—<0.2m [Pool = 0] _ Q-sLew (1] . :
CMMENTS: '
) : RIFFLE: I':
BrESLE/myN DeEoTY BIFSLS/8UN SURSTRATE BIEF £/RUN EMEBENNENNESS
- Q-GENERALLY >10 cm,MAX>50 [4] : Q-STABLE (e.g.,Cobble, Bouldar) 2] Q-EXTENSIVE [-1] GuMCDERATE(0]
Q- GENERALLY >10 cm,MAX<50 (3] RO, STABLE (e.g..Pea Graval) (1] Q-LOW. [1] O-NCONEl2,
{@¥CENERALLY 5-10 cm 1] Q-UNSTABLE (Gravel,Sang) (0] Q-NORIFFLE
Q- GENERALLY < 5 cm [Ritfla = 0] o .
COMMENTS GRADIENT: “| |

6] Gradient (feet/mile): /‘/(; 2@,} %POOL:. § . . %R(FFLE:_/__ %RUN:L

EPA 4520 - @ ,q‘g



I8 Raach Repcesantatve ot Stream? (Y/N) If Not -
Addttional Comments/Pziution impacts: - i

GEAR CISTANC WATER CLARITY - WATER STAGE X
FIRST PASS _ - & l
Sl s — SUBJECTWE  AESTHETIC
THIRD PASS RATING RATING
(1-10) (1-10)
CANCPY (%0PEN) _/0 D GRADIENTIO<EW O-MODERATE O-HIGH PHOTOS: Foa
STREAM MEASUREMENTS: AVERAGE WIDTH: )&, 3 AVERAGE DEPTH: hd '7( MAX. DEPTH _ 277
LENGTH WIDTH CEFTHSD POOLGLO:RIF:RUN
CROSS-SECTICNS OF STREAM
14
DRAWING OF STREAM
_ T
/’\ ’ /4-?\.
¢ = : l ! o
- S S
;.l { .‘{‘ { ’_\(ﬁ‘\ ~
it sl - :
-



Page: [ of: :
Collection Date:_ 3 /A4eovr / 95

Rapid Bioassment Protocol IIT
Macroinvertebrate Collections Site Information

Ry

Reésearch

2353 Yeager Rd. Ste. 11 » West Lafayette, IN 47906-1827 o Phone (317) 497-4398

LHR Sample #: Crew Cheif: ,( /9 (%
Duplicate##: Crew: /( /D &/

Waterbody: 0‘6/@/ C/ . Location: ﬁ / ! M // [)@Ur\
County: ‘/‘70 Ecoregion: Segment: IAS Natural Region Code:

Latitude: : : Longitude: : : Hydrologic Unit:

Easting: Northing: Zone: 16

Gradient: feet/mile) Drainage Area: (miles?) Topo Map:
S g .

Habitat Assessment (Y or N?): 2 # Jars/Sample: /

Notes: /O{{ 0/(' (;.'Zicu/m . 50‘,.17 fm;/-— {,,,wj.') ewery GVA;,\/&.



W

Lake Hart Research - g 2 o

Physical Characteristics/Water Quality Data Sheet

Waterbody: @%e/ C/. Location: 0/ / M // ﬂw«h Reach/Milépoint:

County: Viy0 State: IN Tvestigators:__S/ & ‘Date: 3 /Ayr 1 TS
Time: /6 Y2 Hydrologic Unit: Form Completed by: 5~ &
Notes:

R e e IE
Predominant Surrounding Land Use:
Forest Field/Pasture Agriculture

C i Industrial

(i)

Other: PN
Some Potential Sources

Local Watershed NPS Pollution: ~ No Evidence
Local Watershed Erosion:  None ,Mode Heavy
Est. Stream Width: 2 O  m Est."Stream Depth: Riffle 0. l = Run D.Tm pool { m
Est. Distance Between Riffles: /0¢’ _m Est. Distance Between Bends: ( €< m

High Water Mark:_2 .25 m Velocity:_ ~/A _feetsecond

o ———— —
Channelization: U No Dam Present: No )
Canopy Cover: 100-80% open 79-60% open 59-40% open 39-20% open, 19-0% open

Dbvious Sources

Sediment/Substrate ) /7 -
Sediment Odors: * Norm: Sewage Petroleum Chemical Anaerobic None
Other

Sediment Oils: (' Absenp  Slight Moderate  Profuse
Sediment DepositsT—Sludge Sawdust Paper Fiber Refict Shefls  Other. .
Are the undersides of stones which are not deeply embedded black?  Yes C;/‘

Inorganic Substrate Component Organic Substrate Components

Substrate Tvpe Diameter % Comp, in Area Sampled Substrate Type Characteristics % Comp. in

Bedrock 20 (4 60 80 100 Detritus Sticks, wood - (2 40 60 80 100
Boulder >10in. 20 40 60 80 100 Course plant

Cobble 2.5-10in. 40 60 80 100 (CPOM) - 20 40 60100
Gravel 0.1-2.5 in. 20 40 60 80 100 Muck/Mud  Black, very fine

Sand gritty zo 60 80 100 (FPOM) - 20 40 60 80 100
Silt ) 20 40 60 80 100 Marl Gray w/shell )

Clay slick 20 40 60 80 100 fragments - 20 40 60 80 100
Water Quality

Temperature: ./ /5 _ Disolved Oxygen: A4 pH: ¥4 _Conductivity:_ A A_ORP:_#4 Salinity:_ A7+
Other Parameters:___/U,

Instr ts Used:___AUA _

Stream Type: Coldwater (W Water Odors: (Noma/ Sewage Pemwoleum Chemical None Other
Water Surface Oils: Slick Sheen Globs Fluc Tlll‘bidity Slight Turbid Opaque

Other Observations:

Weather Conditions _ ' Photo#:_ 1 Role:_ =
Air Temperature: §¢ °C@ Barometric Pressure: mmHg Rain? /:4j Cloud Cover:

Yo 4



Lake Hart Research

Habitat Assessment Field Data Sheet

Waterbody: /7 76[@/ (/.‘

Page: _Z off

Locatiqu: ﬁ/j /4 // Oau‘ Date: s llﬁ'g{_/ 7§/

County:_V;, o State:_IN Form Completed by:__§/%

Notes:

Habitat

Parameters Excellent Good Fair Poor

Bottom Substrate/

Available Cover

>50% 50-30% 30-10% <10%

(i.e. logs, roots, undercut | Stable habitat. Adequate habitat. Less than desirable Lack of habitat obvious.

banks, rubble, gravef) -_/r) habitat.

Score: | 20-16_[ 15-11 106 5-0

Embeddedness

Gravel, cobble, and 0-25% 25-50% 50-75% Over 75%

boulders have %

of their surface covered by

fine particles. 4

Score: | 20-16 1 15-11 10-6 5-1

Flow or

Velocity/Depth
(aorb)

a: If flow <= Sefs:

Cold | >2¢5 2-cfs 1-0.5cfs <0.5cfs
Warm | > 5¢f5 5-2¢cfs 2-1cfs <lcfs
a: Score: | 20-16, 15-11 10-6 5-1

b: If flow > Sefs:

Velocity/Depth N - B
1) ST:)W/DZEp All present 3 of 4 present 2 of 4 present Dominated by one
2) Slow/Shallow / (ot
3) Fast/Deep /

4) Fast/Shallow 0
b: Score: | 20-16_____ 1511 10-6_{0 ‘| 5-0

Note: Slow is <03m/s; “missing riffles or runs

Deep is > 0.5m scores lower than missing

pools

Channel Alteration

Little or no enlargement Some new increase in bar | Moderate deposition of Heavy deposits of fine
of islands or point bars formation, mostly from new gravel, course sand material, increased bar
and/or no channelization. | course gravel and/or some | on old & new bars; pools | development; most pools
8 channelization present. partially filled with silt; filled with silt; and/or
and/or reenforced extensive channelization.
embankments on both
{ ! banks.
Score: | 15-12 11-8 7-4 3-0




Lake Hart Research

H. A. Field Sheet (cont’d) Page: 6 of

Habitat

Parameters - Excellent Good Fair Poor

Bottom Scouring &

Deposition ' . :
Less than 5% of bottom 5-30% affected. Scourat [ 30-50% affected. More than 50% of the
affected by scouring & constrictions & where -Deposits & scour at bottom changing nearly
deposition. grades steepen. Some obstrugtions, constrictions | year long. Pools almost

deposition in pools. & bends. Some filling of | absent due to deposition.
pools. Only large rocks in riffle
Score: | 15-12 11-8 74 3-0
a: Pool/Riffle Ratio
or

b: Run/Bend Ratio | Ratio: 5-7 Ratio: 7-15 Ratio: 15-25 Ratio: > 25

Ratio is the distance Variety of habitat. Deep Adeguate depth in pools Occaisional riffle or bend. { A straight stream. Flat

between a: riffles or riffles & poois. & riffles. Bends provide Bottom contours provide | water or shallow riffles.

distance between b: bends habitat. some habitat.- Poor habitat.

divided by stream width

using most dominant

feature. 0

Score: | 15-12 11-8__[ 7-4 30

Bank Stability

Adjustments should be Stable. Noevidenceof | Moderately stable. Moderately unstable. Unstable. Many eroded

made for steep, raw clay | erosion or bank failure. Infrequent, small areas of | Moderate frequency & areas. Side slopes > 60%

banks less susceptable t0 | Sjde slopes generally < | erosion mostly healed size of erosional areas. common. Raw areas

erosion than some soil 30%. Little potential for | over. Side slopes up to Side slopes up to 60% on | frequent along straight
types. future problem. 40% on one bank. Slight | some banks. High erosion | sections & bends.
erosion potential in potential during extreme
extreme ﬂ?s. high flow.
Score: | 10-9 8-6 5-3 2-0

Bank Vegetation

Stability
> 80% 79-50% 49-25% <25%

Streambank surfaces

covered by %

vegetation, boulders, and

cobble. g

Score: | 10-9 8-6 53 2-0
Streamside Cover .
Dy is Domi ion is D is Over 50% of the
shrub. of tree form. grass or forbes. streambank has-no
vegetation and dominant
material is soil, rock,
bridge materials, culverts,
X or mine tailings.
Score: | 10-9 8-6 5-3 2-0
Column Scores: Total . EEg Total l{{ Total [0 Total

lo$

Habitat Assessment Total Score




Lake Hart Research

Ohio EPA QHEI Field Sheet

Page:i of: _&/ c
QHEIX Sco;'e:

Waterbody: ﬁ /7[@’ (f. Location: 0/1 H—// /) Date: S / _AZL/ 7

County:_U/i42 State: _IN. Form Completed by:_ /¢~
1-Substrate (fO) (Check ONLY two substrate TYPE BOXES; check all types present) ~ Substrate Score

li&al[&?s IYPE mymg/
%ﬁmeﬂsms(w) v Gravel) _V / V. %fm:smme(l)

Silt Cover (check one)

CSilt heavy(-2)
OOBoulder(9) 74/ Sand(6) e OTills(1) CSilt moderate(-1)
OCCobble(8) ZJ /7 OBedrock(S) _ I/ OSandstone(0) @it normal(0)
COHardpan(4) —/ OODewits(3) __/ OShale(-1) CSilt free(1)
OOMuck(2) _ COArtificial(0y ___ / ORip/Rap(0) Embeddedness (check one’
Tota 5 : @ 4(2) O<=4(0) OHardpan(0) CExtensive(-2)
OCoal fines(-2) OModerate(-1)
NOTE: Ignore sludge that originates from point sources; score based on natural substrates. “Low(0)
CNone(1)
C .
2-Instream Cover (20) Cover Score :l z
Amount (check ONLY one l
%k_ALL_dlLW_ﬂ OR two and AVERAGE
OUndercut banks(1) ep pools(2) bows(2) gﬁmnsive >75%(11)
COQverhanging vegetation(1) “Rootwads(1) quatic macrophytes(1) oderate 75-25% (7)
hallows (in slow water)(1) ﬁoulders(l) OLogs and woody debris(1) CSparse 25-5% (3)
ONearly absent < 5% (1)
Comments: =
3-Channel Morphology (20) (check ONLY one per category OR two and AVERAGE) Channel Score :
Sinuosity Development Channelization Stabiity. Modifications/Qther
OHigh(4) ﬁéxcellent(ﬂ %onc(&) igh(3) OSnagging OImpound
oderate(3) OGood(5) ecovered(4) oderate(2) ORelocation Qlstands
OLow(2) OFair(3) ORecovering(3) OLow(1) anopy removal  OLeveed
ONone(1) OPoor(1) (Recent or no recovery(l) CDredging OBank shaping
COne side channel modifications
C
4-Riparian Zone & Bank Erosion (10) (check ONLY one per category OR two and average per bank) RiparianScore : I é g
Riparian width Erosien/R fain quai Bank erosion .
LR (per bank)* LR (most predommant per bank)LR LR /per bank)
%ide > 50m(4) TI"Forest,swamp(3) OCUrban or industrial(0) C@None or little(3)
oderate 10-50m(3) TI-QOpen pasture/Rowcrop(0)  OCShrub or old field(2) Moderate(2)
OONarrow 5-10m(2) esidential, park, new fietd(1)CCConservation tillage(1) COHeavy or severe(1)
COVery narrow 1-5m(1) CizFenced pasture(l) COMining, constrruction(0)
OONone (0) *Left/Right banks looking downstream
C
5-Pool/Glide & Riffle/Run Quality (12) Pool Score :
M. 00] d Morphol ch n Pool/Run/Ri ishcck ALL that apply)
0> Im(6) TPool width > riffle width(2) ~ OTorrential(-1) ddies(1)
E(O.7-1m(4) gool width = riffle width(1)  OFast(1) Olnterstitial(-1)
00.4-0.7m(2) ool width < riffle width(0)  @Moderate(1) Olntermittent(-2)
O< 0.4m(1) eSlow(1) *0No pool(0)
0< 0.2m (pool =0)*
Ci
: Riffle Score : &
Riffle/run depth (check one} %e/rﬂumm Riffle/run embeddedness
[Generally > 10cm, Max.> 50cm(4) table- e.g., cobble, boulder(2) CExtensive(-1)
Generally > 10cm, Max.< 50cm 3) OMod. stable- e.g., pea gravel(1) loderate(0)
O Generally 5-10cm(1) - OUnstable- e.g., sand, gravel(0) w(l)
O Generally < Sem (riffle = 0)' [None(2) *ONo riffle(0)
Ce
6-Gradient (10) Gradient: (ft/mi) OLow Foderate OHigh Gradient Score :
Average width:_20___(m) %Pool_32
Average depth:__ 0-T (m) % Riffle__{o

Maximum depth:__ 2 (m) %Run__z20



Lake Hart Research " QHEI Field Sheet (cont'd) Page:_J _of:{f) _

Canopy (% open): é % Subjective rating (1-10) 1O

Photos:_  Aesthetic rating (1-10)__/ 0

Additional comments/Pollution/Impaclsi

Drawing of Site




Lake Hart Res

Rapid Bioassessment Protocol III - Subjective Biosurvey Field Sheet

Waterbody: [) 7% [ [ Location: :9// M // DM\ React/Milepoint:
County:_{/’c o State:_IN Investigators:___{/%/ Date: 3 /Ape | 98
Time:_/4:J O Hydrologic Unit: Form Completed by: ___ SP¢/
Reason for survey;_ffer  Lr.  Dmumyify. ,'07 Lor TPPR Lol g X Lver

JaS L2 ena—’ ﬁ’?/‘r"“"\

Earchh Page: T ot

Relative Abundance of Aquatic Biota

Periphyton 0 1 2 3 4
Filamentous Algae 0 1 @ 3 4
Macrophytes 0 1 2 3 4
Slimes 0 1 2 3 4
Macroinvertebrates 0 1 @ 3 4

0 = Absent/Not Observed 1=Rare 2=Common 3=Abundant 4=Dominant

Macrobenthos Qualitative Sample List (indicate abundance; R =Rare C =Common A =Abundant D =Dominant)*

Porifera Anisoptera Coleoptera
Hydrozoa Zygoptera
Platyhelminthes Hemiptera Ephemeroptera
Turbellaria Lepidoptera
Hirudinea Sialidae : Tricoptera
Oligochaeta Corydalidae
Isopoda Chironomidae Plecoptera
Amphipoda Tipulidae
Decapoda Empididae Other
Gastropoda Simulidae [P A
Bivalvia Tabanidae

Culicidae

*Rare <3 Common 3-10 Abundant 10-50 Dominant > 50 (estimate)



Lake Hart Research et ow
i Impairment Assessment Sheet )
1. Detection of Impairment: Impairment Detected @m irent Detected (stop here)/.

. . : . N . : -
2. Biological Impairment Indicator: “‘—\_,//
* Benthic Macroinvertebrates ) her Aquatic niti
Absence of EPT taxa __ Periphyton:
Dominance of tolerant group Filamentous
Low benthic abundance Other
Low taxa richness Macrophytes
Other ‘ Slimes
Fish
3. Brief description of the problem:
Year & date of previous surveys:
Survey data available in:
4. Causes: (indicate major cause) Organic Enrichment Toxicants Flow Habitat Limitations

Other:

5. Estimated areal extent of problem and length of stream reach affected:

6. Suspected sources of problem: (i.e., name, type of facility, location)
Point source discharge
Construction site runoff | Briefly explain:
Combined sewer outfall
Silvicultural runoff
Animal feedlot
Agricultural runoff
Urban runoff
Groundwater
Other
Unknown

Qbservations and/or sketch:



INDIANA DEPARTMENT OF ENVIRONMENTAL MASIATEWENT
OWM-BIOLOGICAL MONITORING
RAPID BIOASSESSMENT PROTOCOL I1i1
MACROIVERTEBRATE COLLECTITRS
SITE INFORMATION

il BMS SAMPLE #:KICK K R0 ! GREW: CHIER: (OMITIALS)S KA A
w10 J8i0z v

5 Sc 2 f - - R ) ’ .
" vaTersooY: L/r’lﬂ eﬂiﬁwi [ ;“% A \’2—- LOCAT IBj: ?M\Mﬂ%&( eb\f NEASee 32
<
counry: N 1 %o _ ecoresion:_ | o2 G— SEGMENT:: “'L 4 1WES NATURAL. REGTONY (TRIEE: Z B
/Lv/uwes\: 29,32, 25 Lowermue: 87 15 21 wormome une DE/20/] /

- ¢ 42 ‘ = oGk
M: QA &) NETERS/KILOMETER DRAINAGE AREA: SoURE: UMETERS  ropeaRs, | g

-COLLECTION DATE:

HABITAT ASSESSMENT (Y or N)?7: 4 # JARS PER SAMPLE: X
1 —_— —

NOTES:

SN p P Minter Aceas
-




DDIANA DEPARTMENT OF ENVIRONMENTAL MANAGEMENT

mmnoammamsm

Haterbody tame Ay 2 g vord Oy 1ocarionR 1 1 - NESSoe 22 Reach/rs1e poine
Latitde/Longitide SAaarCounty ]

State IN . Ecoregion

Lo
Statdon Nmber Investigators U Sy =y
T Agency  IDEM Hydralogic Unit Code
Notes

Date ' '&c=r 3

Forn Completes By « rey
~Lrtr

Physical Characteristics/iater Quality Fleld Sheets

RIPARTAN ZOtE/INSIREAM FEATURE:
Pr i ing Land Use:

FIELD/PASTURE AGRIGJ’L:.J‘?AL COSERCIAL DIUSIRIAL OTHER
Local Watershed Frosion: a'oms.m
Local Vatershed NS PQLLuthn' & E/DER som POTENTIAL SOURCES osvrous sor.mss
Estirated Stream Width: m Estizated Stramm Depth: Riffle Rm LA w Poal?/,
Estimited Distance Between Rx_ffles ESU.I}!uEd Distance Between Bems 50 m
High later Mark | o Ve.lour:j ™Mo Dex Present:  YES @ Channelization YB 3
Caopy Cover: @PEN;  PARTLY OPEN  PARTTY SHATED SHADED
SEDDENT/ SUBSTRATE:
Sedirent Qdors: X0 SBYGE  PEROLEM QHEICAL ANAEROBIC  NOE OTHER
Sedirenr Of1s: ABSENY' SLIGHT  MODERATE PROFUSE
Sedirent Deposits: SUTGE  SAWDUST PAFER FIBRR RELICT SHEILS OTHRR
Are the urdarsides of stones vhich are not deeply embedded hlack:  YeSCQO )
DXFGANIC SUBSTRATE CQUPONENTS CFGANIC ‘SUBSTRATE CQPQENTS N

Substrate Type Characteristics Percent Coop. in Ares

Substrate Tvpe Dimmeter Percent Camp. in Area Szm.
Bedrock

— 20% 40% 60Z% 80% 100% Detrites Sticks, Wood "~ 20% 407 607 B0Z 10C

Boulder 10.0 in 40% 60% 80% 100% Course Plamnt
Cobble 2.5-10 in  20% 40% €0%) 802 1002 Marerial CPQM 20% 40% 60% 80z lOC
Gravel 0.1-2.5 in 40% 60% 80% 100% Muck/Mud Black, Very Fine
Sand gritty 20% 40% 60% 80% 100% Organic FPQM  20% 40% 60% 80% 10G
Silt 20% 402 60% 80% 100% Marl Grey with Shell
Clay slick 20% 40% 60% 80% 100% Fragents 207 40% 60% 80 100°
WATRR  OUALITY - =

Tecperature Dissolved Qeygen 710 et !14 Concuctivity -%q /  Other

Instricents Used

Streom Type: ERMIVTR

Water Odors: SEUGE PEROIEM GIEMICAL MIME OTHR

Turhidity: SLIGHILY TURBID TURBID OPAQLE

OTMER

WEADIER  CONDITIONS:
PIDTOGRAPH  NRMBERS:

OESIRVATIQN AND/(QR. SXETCH:



L'DIANA DEPARTMENT OF ENVIROMMENTAL MANAGEMENT

HABITAT PARAMETERS ZCETLENT GOOD FAIR R

BOTIOM SUBSTRATE/ .
AVAITARLE QQYER GT 507% ’ 50k - 30% 30% - 10% ingiiln 4

-Stable habitar’ Adequite habi- Less than Lagz af habitat
(e rubble,gravel, logs, tat desireable - obvicus

uderaut banks ete) ) ' g’ habitat ;
'SOORE= 20 -16 5-11 | 10-56 5-0

EBEDDEDNESS
GRAVEL, COBELE, AND BOULIER PARTTCLES HAVE Z OF THIFR SURFACE COVERED BY FINE PARTICTES.
0 -25% 25%-507, 50%-75% over 737
SCORE= 20 - 16 15 -1 I’Z/ 10-6 5-0
FLCY QR VELOCITY/DEFTH (@ or b)
a: IF FLOW LE 5 cfs: QLD: GT 2 cfs 271 cfs .1-0.5 cfs IT 0.5 cfs
WARM: GT S cfs 52 cfs - 2=l cfs LT 1.0 c5s
a: SOORE= 20 ~16 15 -11 10-6 5~0
b: IF FLOVGT 5 cfs: :
VELOCITY/DFEPTH
1) SIOv/DEEP
2) SIOW gHALLow All present 3 of 4 present 2 of 4 present Derzinated by
3) FAST/DEFR . by ore (le poals)
4) FAST/SHAILOW
b: SCORE= 20-16 JLS-J.'L\ 0-6 5-1
— —_— b ]
(slow=LT 0.3 w/s; deep=cT 0.5 m) (Select lower score if more riffle/mm missing than poals
QUIANNEL ALTERATION Little or no Some new increase  Moderate deposi- Heavy deposites
’ ) enlargement of in tar fomation, tion of nev gram of fine mterial
islands or point mwstly from course el,course sand on  iIncreased har
B bars,and/or o gravel and/or soe' old and new bars;  develoment; most
charmelization chamelization pools partially poals filled w/
present filled w/silt;and/ silt; and/or em—
or embankments on  tensive chame]~
- both banks. ization.
SCRE= 15-12 11L-8 7-4 Z 3-0
BOI'TM SCCURDG AND . '
EOSITIO less than 5% of 5%-30% affected. 30%-50% affected  More than 3%

: bottom affected by Scour at constrict- Deposits and scar of the bottam
scouring and ions and where at obstructicus, changing nearly
deposition grades steepen. constrictions and  year long. Poals

B Sam2 deposition bends. Sae £11~  almost absent due
in pools. ling of pools. . to deposition.
Caly large rocks

” in riffle areas.
SORE= 15-12 1-8 7-4 3-0




I-IABIL“«.I‘ASS’ESS‘IH\II'FHDD%IRS-

(contimsed ) _
a: P(IJEKLFHERAHO RATIO= 5 - 7 RATIO= 7 = 15 RATEO= 15 - 35 RATIC= GT 25
R Variety of habitat Adequite dagth i1 Qeessicnal e A swaizit stream
b:  RIN/BEND-RATTO Deep riffle and pools and riZflas  or bend. Jottam Flat vater or
- poals. Bends provide habi~ conrorms ovide shallor riffle
tat. soce hzhiar. Poor Hahitar,
SOORE= 5-12 2 ’2, 11-8 7-4 3-0

(Distance betwen a: riffles or b: distance betieen bends, divided by Sream Width)
3K STABRLLITY

Stable. No ev- Mderats Stahle. Moderate wnstahle Unstahle. Many
idence of erosion Infrequenr, smll  Mderare reqency eroded areas Side
or tenk failure, aress of ercsica  and size of eros—  slopes GT 60%
Side slopes gen- mstly haaled over igpal areas. Side  comrym Raw areas
erally IT 20% al  Side alotes wp w slopes uvp to 0% frequent alcng
Little potenrial  40% co one bark, on soce hanks straight secticns
for futire gohlem High erosicn ot~ and bends.

in extrece floods ential during ex-—

tree high S,
SCRE= 10-9 8-6 5-3 2-1

K VEELATIVE SLARITITY

THE STREA'®A\K SURFACES OCVERED BY % VEEATION R BOULDERS AND COBHLE.
GT 80% 79% - 5% 49% - 2357 LT 25%
SORE= 10-9 8-6 __L 5-3 2-0 -
STREAMSIDE COVER .
Dominant vegetation Daminant veg-  Deminamr Vegeta~  Over 50T of the
is shrub. eation Is of  ticn is grass or Streambark has no
, ' tree fom. forbes. vegetation ard
dominant materia]
o * is soil, rock,
bridge marerials,
i culverts, or mine
9 tailings.
: SORE= 10-9 8-6* 5-3 - 2-0
TOTAL OF QOLIMN SOORES S TOTAL 2[ TOTAL (’Q 2 TOAL -7 TOTAL

HARITAT ASSESSMENT TOTAL SORE 25



. —©¥o EPA Site @?g/@)ﬂ@ﬁﬁ@m Sheet - Fish - QHEI SCCRE: L
) M ’

Siream inpry ¢y GuJJ“"w . 424 ‘f? AM__- Data_/§0eT 41 River Cada’

Location Posalt Bne NE € Vi Ses 23 " Viae Lo Craw:__ SAn) AL/ —
1] SUBSTRATE (Check ONL YT%o Substrate TYPE BOXES; Check all types present); %
IYPE POOL RIFFLE POCL RIFFLE SUBSTRATE QUALITY SUBSTRATE SCOREN
QQ-8LOEA /SLABS[10] ¥ v~ @A.GRAVEL[7] 1o o Subitrate Origin (Check al Sllt Cover (Chor One) E

QQ-BOULDER (9] YV o~ QOSAND(S] . & O-LIMESTONE [1[ReRTR/RAP (0] Q-SILT HEAVY [-2] Q-SiLT MODERATE *

( QB<TCasLE (3] © @ Y QO-BEDROCK(S] —OAMLS[1] ©  QO-HARDPAN[0] Q- SILT NORMAL (0] &=SILTFRES|
./ QO-HARDPAN [4] — —__QODETAITUS[3Lx~ ___O-SANDSTCNE [0] Extent Of Embeddness (Check onr
" QaMuck 2] ———_ QQ-ARTIFIC.(0] »~ _ G-SHALE[1] ] C—EXTENSIVE {-2] G=MDDERATE
TOTAL NUMBER CF SUBSTRATE TYPES: ST [2] G— <= 4 [0} WCOAL FINES[2] - . T—LOWIO] Q—NONE(1]

NOTE: (Ignora sludga that originates from paint-sourcas; scara is based on natural substrates) oh ;o
CCMMENTS, ; /5
oR i COVER SCORE:
2] INSTREAM COVER AMOUNT({Check ONLY One or
IYPE (Check A/l That Apply) . check 2 and AVERAGE)
; BUNDERCUT BANKS (1] lerBesr POOLS[2)  Q-OXBOWS [1] Q- EXTENSIVE > 75% [11]
v B@7OVERHANGING VEGETATION 1] lE"ROCTWADS (1] Q-AQUATIC MACROPHYTES [1] B~MODERATE 25-75% (7]
LsHALLOWS (IN sLOW WATER) [1] D~BOULDERS [1] 2~LTGS OR WOODY DESRIS (1] Q - SPARSE 5-25% (3]
. Q- NEARLY ABSENT < 5%{1}
CCMMENTS:
’ '
3] CHANNEL MORPHOLOGY: (Check ONLY One PER Category OR check 2 and AVERAGE) . CHANNEL: E
1 DEVELOPMENT - CHANNELIZATION  STABIITY MOOIFCATIONS/QTHER
|  G~FIGH (4) Q- EXCELLENT [7] Q- NONE (6] Q@HIGH [3] Q- SNAGGING Q - IMPOUND.
¥ Q.MODERATE (3] @*TOOD (5] Q- RECOVERED [4] Q- MODERATE[2] O - RELCCATICN Q- ISLANCS
Q-Lew (2] Q- FAIR (3} QAECOVERING (3] Q- LOW [1] @< TANOPY REMOVAL Q - LEVESD
Q- NONE[1) Q- POOR[1] Q- RECENT ORNO Q- DREDGING Q~BANK SHAPING
RECOVERY [1] Q- ONE SIDE CHANNEL MCDIFICATIONS
CCMMENTS: '
4] RIPARIAN ZONE AND BANK EROSION - {check ONE box per bank or check 2 and AVERAGE perbank) . RIPARIAN: ] E
“River Right Locking Downstream* T '
BIPARIAN WIDTH ERQS!ICN/R INQFEZ - FLCQOD PLAIN QUALITY . ANK £33 ICN
L R (Per Bank) . LR MPredomlnant Per Bank) L R (Per Bank) .
; QQ-WIDE>S50m (4] - \@OFOREST, SWAMP (3] - QO-URBAN OR INDUSTRIAL[0] Q O-NCNE ORUTTLE (3]

v @G-MODERATE 10-50 (3]  QQ-CPEN PASTURE/ ROWCROP[0] D0-SHRUB OR OLD FIELD([2] @ B-MODERATE ]
QQ'-NARROW 5-10m [2] QQ- RESID.,PARK,NEW FIELD [1]  QO-CONSERV. TILLAGE [1] Q Q-HEAVY OR SEVERE{1]
QQ"-VERY NARROW 1-5m (1] QQ-FENCED PASTURE [1] QO C-MINING/CONSTRUCTION (0] .
QQ'-NONEJ[0] - . .

CCMMENTS: 0 R o
POOUGLIDE AND RIFFLE/RUN QUALITY POOL: l C/
%A; DESTH (Check 1) qpu Y POOURUN/RIFTL S CYURRENT VEL OCITY
>1m (6] {Check 1) (Check A/l That Apply) i
Q0.7-1m(4] - RPFOCL WIDTH » RIFFLE WIDTH (2] Q'-TORRENTIAU-1]  Q"-EDDIES(1] —
- Q- 0.4-0.7m (2] Q-POOL WIDTH = RIFFLE WIDTH (1] Q"-EAST[1] Q"-INTERSTITIAL[-1} E- NO POOL{D]
\J’ Q <0.4m 1] Q'-POCL WIDTH < RIFFLE W. (] ‘MODERATE (1]  Q'-INTERMITTENT[-2] -0
0—<0.2m [Pooi = 0] . Q'-SLow [1] - :
CMMENTS: ) ppd
K RIFFLE: | -~
NSRS neo BIFST €/AUN SURSTRATE BIFZLE/RUN EMREDNENNESS —
Q- GENERALLY >10 cm,MAX>50 (4] : \@STABLE (a.9.,Cobble, Boulder) (2] Q-EXTENSIVE (-1} @FMCOERATE[Q]
4 Q-GENERALLY >10 cm,MAX<50 [3] Q-MOD. STABLE (e.g..Pea Gravel) (1]  Q-LOW. [1] Q-NONE[2]
N QFGENERALLY 5-10 cm 1] Q-UNSTABLE (Gravel,Sand) [0] ENQR_EFE'({

Q - GENERALLY < 5 cm [Riffle = 0] . /
CCMMENTS GRADIENT: ¥ l [/C

wpoor:_(O_ %RIFFLE:_/ wRUN.Z

6] Gradient (feet/mile):

EPA 4520 A a :Li.}Z/Y\
. N LA
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Hvgcologic unie Cace
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.
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ABLATIVE azu

q 0312 Sheet

Peronvien 3 H 3 £ Slimes O g B
Filamentous Aigae k] 1 3 ' Migrainvernargen a B
Maeroonvres @ i H 3 1 Fisn -] : 2

0 = Aosmniyiioi Stiarvea

Ti Huazimen 3 ~tominere

MACATIENTHCS ZuayTative SAMPLE LIST

adrcate Avanive acuncance A o ‘-lv\:.'ﬂhw,a—u&mul.‘ﬂ“'wﬂ

4

Panters ' Aaisootera “L‘ ramorvme.

Hvarczes | Zvgootan 1| Ptec=oraea

Punamimcies . ",;i,m,,",. | Seneroameaes D

Turzunm Cateoories C_ I} Tacraotens #

Hirygines Lesidoorters . Qtrer

Qligocniry Sistiaae ]

hagoes e Carvaniidae ]

Ameniooca Tioutiaae "

g QOecaooaga Emoigroze ’
: Gartregoca C Simumdae
Bweivia Tizanicae i
Culicidae !'

Rare <3 Cammon 3 =9 Abuaginr > 10 Do > S0 Ermanes
CPCM SAMPLE FUNCTICNAL FESDING GROUPS  llnacams No. of tnamaasas A ey e

Shreocen N I Tom Crg. 1n Suncaw
Cbervenons





